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Abstract

ABSTRACT

The new ionic liquids and molten salts including 4,4’-trimethylene-N,N’-dipiperidinium
sulfate:  [TMDPH,]*"[SO4]*, 4,4 -trimethylene-N,N’-dipiperidinium chlorosulfonate
[TMDPH2]**2[CISO;], 1H,4H-piperazine-diium dichlorosulfonate [PZH2]**2[CISO;]
were designed and synthesized. The chemical structure elucidation of these ionic liquids
and molten salts was performed by 1D NMR, FTIR, and mass spectra. Then, the correct
structure was elucidated by COSY experiment and Raman spectroscopy. Some physical
properties, thermal behavior, and thermal stability of these ionic liquids and molten salts
were determined and reported. The formation of a two-protonic acid salt namely 4,4’-
trimethylene-N,N’-dipiperidinium sulfate [TMDPH,]*'[SO4]*, instead of namely 4,4’-
trimethylene-N,N’-dipiperidinium hydrogensulfate was evidenced by NMR analyses. The
catalytic of this ionic liquid was demonstrated in the esterification reaction of n-butanol
and glacial acetic acid under different conditions. The desired acetate was obtained in 62-
88% yield without using a Dean-stark apparatus under optimal conditions. a-Tocopherol
(a-TCP), a highly efficient form of vitamin E, was also treated with glacial acetic acid in
the presence of the ionic liquid, and O-acetyl-a-tocopherol (Ac-TCP) was obtained in
88.4% yield. The formation of 4,4’-trimethylene-N,N’-dipiperidinium chlorosulfonate
[TMDPH,]**2[CISOs] and 1H,4H-piperazine-diium dichlorosulfonate
[PZH,]*"2[CISOs]" was indicated that the chlorosulfonic acid could not act as a
sulfonating agent in the reaction with secondary amines like 4,4’-
Trimethylenedipiperidine (TMDP) and Piperazine (PZ) probably due to more steric
hindrance of the sulfur atom by chlorine and oxygen atoms. Then, the dual solvent-
catalyst activity of these ionic liquids was demonstrated for the synthesis of novel
triazole-pyrimidines through a one-pot three-component reaction under mild conditions.

The arene diazonium saccharin derivatives were initially produced from various

iii



Abstract

substituted aromatic amines; subsequently, these intermediates were treated with a
greener organic iodide for the preparation of the aryl iodide. The arene diazonium
saccharin intermediates could be stored in the liquid phase in a refrigerator for a long time
with no significant loss activity. The ionic liquids were retrieved and reused several times

without reducing their catalytic efficiency.
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Abstrak

ABSTRAK

Cecair ionik baru dan garam cair termasuk 4,4’-trimethylene-N,N’-dipiperidinium sulfate
[TMDPH2]*[SO4]%, 4,4’ -trimethylene-N,N’-dipiperidinium chlorosulfonate
[TMDPH2]**2[CISO;], 1H,4H-piperazine-diilum dichlorosulfonate [PZH2]**2[CISO;]
dirancang dan disintesis. Penjelasan struktur kimia cecair ionik dan garam lebur ini
dilakukan oleh 1D NMR, FTIR, Raman, dan mass spektrum. Kemudian struktur yang
betul dijelaskan oleh COZY dan Raman spektrum. Sebilangan sifat fizikal, kelakuan
terma, dan kestabilan terma cecair ionik dan garam cair ini ditentukan dan dilaporkan.
Pembentukan garam asid dua-proton iaitu 4,4’-trimethylene-N,N’-dipiperidinium sulfate
[TMDPH,]*"[SO4]*, bukannya 4,4’-trimethylene-N,N’-dipiperidinium hydrogensulfate
dibuktikan oleh analisis NMR. Pemangkin cecair ionik ini ditunjukkan dalam reaksi
esterifikasi n-butanol dan asid asetik glasial dalam keadaan yang berbeza. Asetat yang
dikehendaki diperoleh dalam hasil 62-88% tanpa menggunakan alat Dean-stark dalam
keadaan optimum. a-Tocopherol (a-TCP), bentuk vitamin E yang sangat efisien, juga
dirawat dengan asid asetik glasial dengan adanya cecair ionik, dan O-asetil-a-tokoferol
(Ac-TCP) diperoleh pada 88,4% hasil. Pembentukan 4,4’-trimethylene-N,N’-
dipiperidinium chlorosulfonate [TMDPH,]*"2[CISOs]" dan 1H,4H-piperazine-diium
dichlorosulfonate [PZH>]** 2[CISO3;]" menunjukkan bahawa asid klorosulfonik tidak
dapat bertindak sebagai agen sulfonating dalam tindak balas dengan amina sekunder
seperti 4,4'-Trimethylenedipiperidine (TMDP) dan Piperazine (PZ) mungkin disebabkan
oleh penghambatan atom sulfur yang lebih sterik oleh atom klorin dan oksigen.
Kemudian, aktiviti pemangkin pelarut ganda dari cecair ionik ini ditunjukkan untuk
sintesis triazole-pyrimidin baru melalui reaksi tiga komponen satu periuk dalam keadaan
ringan. Derivatif arena diazonium sakarin pada mulanya dihasilkan dari pelbagai amina

aromatik yang diganti; seterusnya, perantaraan ini dirawat dengan iodida organik yang
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lebih hijau untuk penyediaan aril iodida. Pengantara arena diazonium sakarin dapat
disimpan dalam fasa cecair di dalam peti sejuk untuk waktu yang lama tanpa aktiviti
kehilangan yang ketara. Cecair ionik diambil dan digunakan semula beberapa kali tanpa

mengurangkan kecekapan pemangkinnya.
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CHAPTER ONE

GENERAL INTRODUCTION

1.1 Background

Most industrial scales and academic reactions are still strongly reliant on the catalysis
process because they use catalysis for all reactions. Catalytic processes will surely play a
decisive role in industrial and academic reactions as they provide green and clean
processes, less waste, large yield and selective, reusability, easy separation of catalyst,
reduce the cost of production, and can transform many molecules (Alvarez, 2020; Valdés,
et al, 2019; Zaijun, 2016; Roduner, 2014). The growing demand for catalysts cannot be
fulfilled only by natural products and therefore it is necessary to develop powerful
computational methods for chemical synthesis. The synthesis will be arranged into new

formations by atoms and molecules (Ball, 2015).

The catalytic activity of compounds is related on the chemical structure and
functional groups. Therefore, the catalytic activity of catalysts can be depended on we-
defined single or multiple catalytically active site of the catalyst whether Lewis base site,
Lewis acid site, Bronsted acid site or Bronsted base site (Liew et al, 2020; Muhammad et
al, 2020; Cosmas et al, 2018; Siddiqui et al, 2016; Ball, 2014; Roduner 2014), where these
processes can be elucidated using infrared (IR), nuclear magnetic resonance (NMR),
LCMS and Raman Spectroscopies (Malherbe, 2019). Based on obtained data and
informations, new structural modifications can be made to optimize some property or
activity. In current work, Piperazine (PZ) and 4,4’-Trimethylenedipiperidine (TMDP)
will be selected because they are bifunctional cyclo-aliphatic nitrogen-heterocycle that
can be used as Lewis base organic transformations. Those can be modified Bronsted acids

by chlorosulfuric acid and sulfuric acid as an alternative sulfonating agent of organic
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compounds. Additionally, the N-H functional group can act as a hydrogen bond acceptor

or donor in the catalysis process (Ball, 2015).

Designing organic reactions based on the green chemistry principles is a new
development in synthesis chemistry. It is an attractive research prospect and offers a safer
alternative in green chemistry. The objectives of this green chemistry method and
measurement are to achieve cost-effectiveness, broad substrate scope, metal-free,
methods, and safe to access relatively sustainable organic reactions (Khaligh et al., 2019).
The new molten and ionic liquid catalysts are another attractive area in green chemistry
and produce alternative catalysts due to environmental perspectives and their applications
in a variety of the organic transformations including three-component reactions and
preparation of a series of novel nitrogen heterocyclic, Knoevenagel’s condensation,
esterification, and transesterification of various alcohol by acetic acid instead of acetic
anhydride, and I-supported. Application of new molten and ionic liquid catalysts are
continuing to grow exponentially in all fields of pure and applied chemistry due to their
tenability of properties, and the use of them as catalyst in industry and academic
researches. However, energy and green chemistry were key issues for some drawbacks
such as the use of toxic and corrosive reagents as well as expensive reactants or catalysts
and volatile solvents, non-biodegradable, unrecovered catalysts, generate the metal
wastes, a high catalyst loading, conduct the reactions at high temperature for a long
reaction time along with a low yield of products and metal-containing catalysts to
preparation processes of new molten and ionic liquid catalysts and evaluation of their
catalytic efficiency in organic reactions ( Ball, 2015; Khaligh et al., 2019; Roduner,

2014).
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The presence strategy and methodology of these new molten and ionic liquid
catalysts, offer a simple experimental and use as a non-conventional media for the
sustainable procedure of organic synthesis, use of commercially available chemical
without further separation and purification treatment such as adsorption, filtration,
sedimentation, and distillation that can be much more steps and it has some drawback
because it uses many of solvents, generated of the waste and reaction time, high
temperature. In addition, the simple methodology will be reduced and eliminated the use
and generation of toxic and hazardous reagents, good to the excellent yield of the desired
products within shorter reaction times, recyclability that could be reused several times
with no significant loss of its activity plus thermally stable even at relatively high
temperatures (Khaligh et al., 2019; Khaligh et al., 2017). Often, the new molten and ionic
liquid catalysts can be removed by water from the organic products using a simple workup
and can be concentrated and then directly recharge with new reactants for another run
because the organic product can be extracted by nonpolar organic solvent (Khaligh et

al.,2018).

The energy efficiency is also an important category in green chemistry
development. The current methodology to preparing the new molten and ionic liquid
catalysts use an un-conventional method within short reaction times at room temperature
and under atmospheric pressure consumes less energy compare to high pressure and
conventional thermal process and it will highlight the importance of green energy in
organic synthesis. Apart from this, complete or partial recovering of the catalyst and
reagents is very important in the industrial processes due to minimization of the waste, as

well as lower the requirement of raw material, energy, and waste disposal costs.
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The present methods will be combined with spectroscopic and microscopic
techniques that allow us to see the chemical structure of the cations and anions which are
determined by their physical and chemical properties (Ball, 2015). In addition, the
chemical structure of the new molten and ionic liquid catalysts is elucidated by 1D NMR
and 2D NMR, FTIR, Raman analyses, and Mass spectra. These facts motivated us to
study the chemical structure of the product using 'H NMR, *C NMR, 'H,'H-COSY and
'H,'3C-HMBC Spectra (Akbarzadeh et al, 2020). The physical properties of these new
molten and ionic liquid catalysts will be characterized by TGA which important from a
technological perspective because it provides other useful data such as chemical
phenomena including chemisorption, thermal decomposition, and solid-gas reaction
(Khaligh, 2018), thermal behavior will be characterized by DSC, and physical properties
by melting point, liquefied, solubility, pH, titrimetry, density, viscosity, conductivity and
total water content. This dissertation can be one of the efforts to understand and reveal
how the properties relevant to the catalytic activity of new molten and ionic liquid
catalysts are encoded by cations and anions of chemical structures. Interestingly, this can
be easy and allow the chemist to design and change the structure of cation/anion or
functional groups of molten and ionic liquid catalysts which leads to new molten and
ionic liquid catalysts with desirable physical and chemical properties and catalytic
systems (Khaligh et al., 2019). With this proposed works, it is possible to design new
molten and ionic liquid catalysts to cater a desirable physical, chemical and catalytic
properties, and also it is possible to study the catalytic efficiency of new molten and ionic
liquid catalysts in organic transformation such as nitrogen heterocyclic, Knoevenagel’s

condensation, esterification and transesterification and I>-supported.
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1.2 Problem Statement

The preparation processes of new molten and ionic liquid catalysts for organic
transformations are sometimes exemplified as the use of expensive chemical and toxic
solvents and reagents. Furthermore, some of the reported promoters could not be
recovered and recycled. This new molten and ionic liquid catalysts method avoids the use
of toxic, volatile, and hazardous reagents and flammable solvents during the reaction and
workup, reduce the generation of heavy metal or corrosive waste and acid-free reaction
conditions. Moreover, the simple synthesis process under catalyst and solvent-free/less
and commercially available, eco-friendly, short reaction times, energy efficiency, good
to excellent yields and use the recyclable catalysts instead of using catalysts that contain
toxic metals and could not be recycled could play a more important role in large scale and
industrial processes. Similarly in the promotion of one-pot multicomponent reactions in
the new molten and ionic liquid catalysts instead of using multi-step for preparation of
catalysts (Khaligh et al, 2019; Wenda et al, 2011). In addition, the promoter will easily

regenerate and could be reused several times with no significant loss of its activity.

1.3 Research Objectives

The objectives of this study are listed as follows:

a) To synthesize and characterize novel molten salts and ionic liquids.

b) To investigate physical properties of the molten salts and ionic liquids.

c) To evaluate performances of the molten salts and ionic liquids as catalysts for

esterification, iodination, Knovenagel’s and multicomponent reactions.
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14 Scope of Thesis

This thesis is organized as follows:

This research work focuses on the design of new molten and ionic liquid and catalytic
systems based on intensive updates and technology alert on recent publications, and will
be synthesized and characterized of the new molten and ionic liquid catalysts with the
simple synthesis process under catalyst and solvent-free/less and commercially available,
eco-friendly, short reaction times, low energy consumption, good to excellent yields and
use the recyclable catalysts instead of using catalysts that contain toxic metals and could
not be recycled. Evaluation of their catalytic efficiency in organic reactions including
three-component reactions and preparation of a series of novel nitrogen heterocyclic,
Knoevenagel’s condensation, esterification and transesterification of various alcohol by

acetic acid instead of acetic anhydride and aryl iodide in organic transformations.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Catalysis

Catalysis is the acceleration of a slow chemical process by the presence of a foreign
material (Ertl, 2009). Catalysis is also a multidisciplinary field that involves physical
chemistry, inorganic chemistry, organic chemistry, chemical engineering, and material
science. Catalysis is very important in industry and academic reaction because they use
catalysis for all reactions and catalysts cannot be fulfilled only by nature products and
therefore it needs to develop a chemical synthesis process. Moreover, the employment of
catalysts in organic synthesis also offers other interesting advantages, thus opening the
door to the improvement of the selectivity of a selected process, the tolerance to

potentially degradable or sensitive functional groups, the enantiomeric excess (Alvarez,

2020).

Catalysis has been always assisted by the accumulated knowledge and basic
principles of physical chemistry, solid-state chemistry and tools for characterizing what
is happening in the reaction (Ball, 2015). The main characteristics of a good catalyst are
activity and selectivity, reproducibility, thermal and mechanical stability, and the capacity

for easy regeneration.

(a) Activity: the catalyst activity is related to the nature, the number, strength, and
spatial arrangement of the chemical bonds.
(b) Selectivity: the selectivity is the high yield of a particular product that is the capacity

of the catalyst to conduct the conversion of the reactants in one particular path.
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(c) Stability: the stability indicates that the catalyst properties will not noticeably
change during the catalytic process.
(d) Reproducibility: the reproducibility is related to the consistency of its properties in

different sets of production lots.

2.2 Structure-Activity Relationship (SAR)

Structure-Activity Relationship is a method used in the prediction of the chemical and
chemical activity relationship as a function of structural and molecular information of a
compound (Muhammad et al, 2020; Cosmas et al, 2018). SAR involves elucidating the
details of one or more such relationships such as infrared (IR), nuclear magnetic
resonance (NMR), LCMS, and Raman Spectroscopies and using that information to make
new structural modifications to optimize some property or activity. SAR aims to identify
which functional groups are important for activity, thus, employs few methods to aid in
its activity, including: alter, remove or mask a functional group and test the analog for

activity.

The active site, there are 4 types of active sites:

(a) Lewis base site, can be defined as a site on which acid is chemically adsorbed and
also it is capable of providing an electron pair.

(b) Lewis acid site, can be defined as a site on which a base is chemically adsorbed and
also it is capable of taking an electron pair.

(c) Bronsted acid site, has a propensity to give a proton, and

(d) Bronsted base site, tends to receive a proton.
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Acid catalysis is one of the most common types of catalysis in the modification
of base with strong acid as an alternative sulfonating agent of organic compounds.
Protonation by Bronsted acids polarizes the system and leads to a new electron
distribution in the protonated species, which activates the molecule and may induce the

breaking of existing bonds and the formation of new bonds (Roduner, 2014).

2.3 Principles of Green Chemistry

The current trend in the design of novel catalysts and process is a new development in

green chemistry. It is an attractive research prospect and offers a safer alternative in green

chemistry. Furthermore, some basic principles of green chemistry, e.g.:

(a) Use of non-toxic, non-hazardous reagents and solvents for the preparation of
catalysts, reactions, and workups,

(b) Conduct the reaction under solvent-free conditions,

(c) Reduce the generation of hazardous waste during catalyst preparations, reactions,
and workups,

(d) Utilize a very small amount of catalysts, and

(e) Use the recyclable organocatalysts instead of using toxic metal-containing and

non-recyclable catalysts.

Non-basic principles of green chemistry:

(a) Exist two or more preparative steps that increase the preparation cost,
(b) Use of toxic, flammable, or volatile solvents,

(©) Use expensive, toxic, or non-reusable catalyst,

(d) Tedious workup, and

(e) Generation of toxic, hazardous, or corrosive waste.



CHAPTER TWO Literature Review

24 Ionic liquid and Molten Salt
Three types of liquid systems, including molten salts, ionic liquid and liquid metals.
Molten salts are ionic liquids with melting points above 100°C and have been employed

in numerous fields like synthesis, catalysis, and separation.

Ionic liquids and molten are a vital topic in organic chemistry and has been
employed in a broad range of sectors, product, and processes. The current trend in catalyst
research is to design greener catalysts and eco-friendly technologies, as well as directing
the activities towards sustainability and investigating the catalytic activity under realistic

conditions regarding temperature and pressure.

In recent years more increased attention has been paid to the dual solvent-catalyst
efficiency of ionic liquids and molten in the organic synthesis due to their diverse
properties including low volatility and vapor pressure, high to excellent thermal and
chemical stability, and tunable and designable polarity and properties (Khaligh et al,
2019). Easy separation of the organic products and recyclability of ionic liquids and
molten are accounted as notable merits of ionic liquid and molten in the most organic
transformations, which lead to avoiding the generation of metal-containing waste, and the
minimizing of toxic, volatile, and flammable organic waste (Mihankhah et al, 2019;

Khaligh et al, 2018).

Design and development of new ionic liquid and molten and their applications in
various organic transformations have been widely studied as solvents and/or catalysts in
organic synthesis, primarily due to their distinct properties, including low volatility and
vapor pressure, and good to high thermal and chemical stability. The polarity and physical

properties of the ionic liquid are tunable and designable by the judicial choice of cations

10
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or anions, which is the most prominent feature of ionic liquid and molten. Furthermore,
the easy separation of organic product from and recyclability of ionic liquid and molten
are seen as other notable merits of ionic liquid and molten applications in most organic
transformation. These advantages lead to avoiding the generation of metal-containing
waste and minimizing the use of toxic volatile, and flammable organic solvents. The
viscosity of ionic liquid and molten is very important for their application in organic
synthesis as a solvent because most of the ionic liquid and molten are very viscous, which

would result in the less efficient mass transfer of reactants.

2.5 The Simple Process of Synthesis

The presence of simple process and methodology include short reaction time, wide
substrate scope, use of a metal-free catalyst and green solvents, and simple work-up
process, safe, cost-effective. All use reagents commercially available and inert to
moisture and air, reduces waste generation, energy consumption, low cost of raw material,
good porosity and high surface area, excellent recyclability, high density, and waste

disposal costs.

According to the principles of green chemistry, the methodology is performed
without separation and purification in the current ionic liquid and molten, which avoids
the use of solvents and reduces the generation of waste. Furthermore, an improvement in
energy efficiency is due to shorter reaction times and the performance of reaction at room

temperature, and also by the planetary ball milling process at ambient and neat conditions.

The presence strategy and methodology can act as a green solvent and acid

catalyst due to low viscosity and acid functionality. The product will be simply extracted

11
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and the ionic liquid and molten will be retrieved several times without reducing its

catalytic efficiency.

2.6 The Advantages of The Presence Strategy and Methodology of These New
Molten and Ionic Liquid Catalysts
The Presence strategy and methodology of these new molten and ionic liquid catalysts
have advantages such as simple experimental and sustainable procedure, avoid the use of
toxic and volatile organic solvents, simple work-up, solvent-free conditions, and
recyclability, high yields of the desired products within short reaction times at room
temperature and atmospheric pressure consumes less energy compared to high pressure
and conventional thermal process, easy separation of product and catalyst, and low

catalyst loading, as well as avoids the generation of heavy metal and corrosive waste.

2.7  Designing Organic Transformation in The New Molten and Ionic Liquid
Catalysts
Applications of new molten and ionic liquid catalysts are continuing to grow
exponentially in all fields of pure and applied chemistry due to their chemical tenability
and they can be suitable solvents for spectroscopic measurement. In this perspective,
designing organic transformations in the new molten and ionic liquid catalysts media is
another attractive area in green chemistry including three-component reactions and
preparation of a series of novel nitrogen heterocyclic, esterification of various alcohol by

acetic acid instead of acetic anhydride.

12
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2.7.1 Heterocyclic

The different heterocyclic catalysts based on acid, base, metal and enzymes have been
extensively studied due to a broad range of biological and pharmaceutical activities,
including anticancer, antioxidant, antiparasitic, antimicrobial, antibacterial,
antiproliferative and anti-tubulin, anti-HIV, anti-fungal properties such as Triazolo-
pyrimidines that constitute an influential class of bicyclic nitrogen heterocycles. Triazolo-
pyrimidines are often prepared through a one-pot three-component condensation of aryl
aldehydes, active methylene compounds, and aminotriazoles in the presence of a catalytic

system because of their electron-donating groups. (Liew et al, 2020; Fischer, 2007).

2.7.2 Knoevenagel’s Condensation

Knoevenagel’s condensation has been broadly studied to investigate the catalytic activity
of the organo-catalyst such as 4,4’-Trimethylenedipiperidine (TMDP), Piperazine, (4-
Dimethylamino)Pyride (DMAP), Pyrazine, Pyridine, etc. for the one-pot multi-

component synthesis.

4,4’-Trimethylenedipiperidine (TMDP), Piperazine, (4-Dimethylamino)Pyride
(DMAP), Pyrazine, Pyridine etc., as organocatalyst or aromatic nitrogen-containing
organic base which is commercially available and easy to handle, high thermal stability
and good solubility in water, high recyclability make it an attractive organocatalyst,
bearing Lewis base sites and acceptor-donor hydrogen bonding groups, for
mechanochemistry, and also were employed to promote a solid phase one-pot three-
component reaction under mild and cost-and energy-effective conditions. Further
research is currently being formed for other organic transformations in the presence of

these organic bases.

13
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These organocatalysts containing Lewis base sites having acceptor-donor
hydrogen bonding functional groups, and high porosity could play a vital role in the
promotion of the one-pot multi-component condensation in the solid-phase synthesis. The
nitrogen atom of these organic bases and their derivatives can attack as a nucleophile to
the central atom of chlorosulfonic acid or sulfuric acid due to more steric hindrance of

the sulfur atom and nitrogen atom as well as basicity of organic base.

Designing and development of easy separable and recyclable heterogeneous
organocatalysts are highly demanded, which can be used in the catalytic amount and
greener conditions which showed potential applications in anionic and cationic dyes
adsorption, gas absorbent, removal of the toxic metal ions, detection of nitroaromatic
explosives. It has been gained significant importance in catalytic applications due to its
cost-effective synthesis, cheap starting materials, microporosity, good thermal and

chemical stabilities, and a high density of amine functional groups and triazine moieties.

2.7.3 Esterification and Transesterification

Esterification is an eco-friendly solvent and/or catalyst in a variety of reactions such as
thermal and chemical stability, low vapor pressure, and recoverability (Przypis et al.,
2020; Dorosz et al., 2020). The catalytic activity of this ionic liquid and molten will be
demonstrated in the esterification reaction of various alcohols by glacial acetic acid

instead of acetic anhydride under different conditions.

The catalytic activity of the new ionic liquid and molten will be studied for the
direct esterification of various carboxylic acids instead of acid anhydride and alcohols
under obtained optimal reaction conditions is still one of the exciting research topics.

Therefore, it is required to develop an efficient and greener methodology to overcome

14
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some drawbacks and achieve a suitable balance between the economic and ecological

aspects of production.

Ester is a product from the reaction of esterification that is a natural and synthetic
ester that has been utilized in different fields, including pharmaceuticals, perfumes,
flavors, cosmetics, adhesives, detergents, solvents, plasticizers, lubricants, electronic
materials, and daily and fine chemicals, diluents, etc. (Malkar et al., 2020; Otera et al.,
2009; Siengalewicz et al., 2014). Low molecular mass ester has been widely found in
fragrances and essential oil (Baser et al., 2010), pheromones (Kartika et al., 2015) and
imparts pleasant fruity odor are isobutyl formate (raspberry), n-propyl acetate (pear),
methyl butyrate (apple), ethyl butyrate (pineapple), isobutyl propionate (rum), isoamyl
acetate (banana), benzyl acetate (peach), octyl acetate (orange) and methyl salicylate
(wintergreen) (Malkar et al., 2020). The carboxylic acid ester can be synthesized using
various chemical reactants, catalysts, and reaction media. Although numerous papers
have appeared for the esterification reaction, the development of an efficient synthesis of
a carboxylic acid ester using carboxylic acids instead of acid anhydride is still an exciting

research topic.

The esterification will be carried out at different conditions and four parameters,

including catalyst type and loading, the mole ratio of alcohol and acetic acid, temperature,

and reaction time will be varied to find the optimal conditions.
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CHAPTER THREE

ARTICLE 1

STRUCTURAL ELUCIDATION, SPECTROSCOPIC ANALYSES, AND
PHYSICAL PROPERTIES OF 1H,4H-PIPERAZINE-DIIUM

DICHLOROSULFONATE

3.1 Introduction

Chlorosulfonic acid has been used as an alternative sulfonating agent of organic
compounds after sulfuric acid and sulfur trioxide (Qureshi et al, 2009; Janosik et al, 2005;
Guan et al, 2005). Chlorosulfonic acid was applied as catalyst (Kotharkar et al, 2006) and
an electrophilic olefin cyclization agent in the organic reactions (Palomino et al, 2003). It
was also used to improve the catalytic activity of various catalyst (Zhang et al, 2014;
Yadav et al, 32004). The crystal structure of only two compounds containing
chlorosulfonate anion, NO*SO3Cl" and the protonated anti-benzonorbornenol (17)
SOsCI*CHxCl; (Figure 3.1) (Laube, 2004), were reported in the literature. N-methyl-2-
pyrrolidonium chlorosulfonate was prepared and used as a sulfonating agent for one-pot
synthesis of o-sultones (Rad et al, 2016). We became interested to study the reaction of
chlorosulfonic acid with aliphatic and aromatic nitrogen-containing organic bases when,
contrary to previously reported data in the literature, we observed different spectroscopic

data and physical properties for the obtained product.

In our opinion, it seems unlikely that the nitrogen atom of above-mentioned
organic bases like piperazine and its derivatives can attack as a nucleophile to the central
atom of chlorosulfonic acid due to more steric hindrance of the sulfur atom and nitrogen

atom as well as basicity of organic bases. Therefore, we begin our research to find the
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answer to the following question “Does chlorosulfonic acid act a strong acid or
sulfonating agent in the reaction with aliphatic and aromatic nitrogen-containing organic
bases?” and in pursuit of our studies (Khaligh et al, 2018), herein, we indicate that
piperazine and chlorosulfonic acid can participate in an acid-base reaction to form 1H,4H-
piperazine-diium dichlorosulfonate [PZH,]**2[CISOs] as a new ionic liquid containing

chlorosulfonate anion.

The new ionic liquid was obtained liquid-state and solid-state when the reaction
was conducted in dichloromethane and acetonitrile as a solvent, respectively. It seems
that a change of dichloromethane into acetonitrile can result in a dramatic change in
packing and symmetry of 1H,4H- piperazine- diium dichlorosulfonate [PZH,]*"2[CISOs].
Their structure was characterized by 1D and 2D NMR and mass spectrum. Furthermore,
IR and Raman spectra of liquid- and solid-state of pure 1H, 4H-piperazine-diium
dichlorosulfonate were studied. Assignments were made for IR and Raman peaks, and
the differences between our results and previous report on the IR and Raman assignments

for the frequencies are discussed.

1+

Figure 3.1: The chemical structure of protonated anti-benzonorbornenol (17)
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3.2 Methodology

3.2.1 Material and Method

Unless specified, all chemicals were analytical grade and purchased from Merck, Aldrich,
and Fluka Chemical Companies and used without further purification. Products were

characterized by their physical constant and IR, NMR, and elemental analysis.

The purity determination by TLC using silica gel SIL G/UV 254 plates. The FT-
IR spectra were recorded on a Perkin Elmer 781 Spectrophotometer using KBr pellets for
solid and neat for liquid samples in the range of 4000-400 cm™'. Raman spectra were
recorded using Renishaw InVia Raman Spectroscopy in the range of 3200-100 cm™ with
785 nm laser source wavelength. In all the case, the 'H and '*C NMR spectra were
recorded with Bruker Avance III 600 MHz instruments. All chemical shifts are quoted in
parts per million (ppm) relative to TMS using a deuterated solvent. Micro-analyses were
performed on a Perkin-Elmer 240-B microanalyzer. Melting points were recorded on a
Buchi B-545 apparatus in open capillary tubes. The mass spectra of the products were
recorder using an Agilent 6560 iFunnel Q-TOF LC-MS instruments. The density was
determined using a Mettler Toledo DM45 Deltarange Density meter, and the calibration
was performed using doubly distilled and degassed water and dried air at atmospheric

pressure. The viscosity was measured using a Brookfield DV-III Ultra Viscometer.

DSC curves were obtained with the use of a DSC-Mettler Toledo DSC 822e
calorimeter. The measurement was performed in aluminium pans with a pierced lid with
a sample mass 9.24 mg under a dry nitrogen atmosphere (10 mL min™!). Dynamic scans
were performed at a heating rate of 10 °C min™! in two temperature cycles at a range of
30-300 and 30-500 °C. TGA/DTA curves were obtained with the use of a Mettler Toledo
TGA/SDRA 851e. All measurements were performed in an Al2Os crucible with a sample
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mass of 10.65 mg under a nitrogen atmosphere (10 mL min™'). Dynamic scans were
performed at heating rate of 10 °C min™! in the temperature range of 30-800 °C. The purity
and yield of the products were determined using GC-MS on an Agilent
6890GC/5973MSD analysis instrument under 70 eV conditions. The conductivity (c) was
measured using a Mettler Teledo Seven Easy conductivity meter. The total water content
was recorded by Karl Fisher (KF) titration using a Metrohm 831 kF coulometer. The
conditions of temperature, pressure and drying time were 90°C, 65 mbar and 10 h,

respectively. The pH was measured using a pH meter F-71, LAQUA-HORIBA Scientific.

3.2.2 Synthesis of 1H,4H-piperazine-diium dichlorosulfonate [PZH2]?>*2[CISOs]" in

the solid- or liquid-state

The neat chlorosulfonic acid (3.0 ml, 40 mmol) was dropwise added to piperazine (1.72
g, 20 mmol) in dry CH2Clz (20 mL) or CH3CN (20 mL) at ice bath. The reaction mixture
was stirred at room temperature for overnight which led to the formation of two phases.
The upper phases was decanted, and excess of solvent was removed under reduced
pressure. The residue was washed three times with CH2Cl, or CH3CN and isolated 6.128
g of colorless viscous liquid (yield 96%) and 6.064 g of white solid (yield 95%) (Figures

3.2 and 3.3).

3.2.3 1H,4H-piperazine-diium dichlorosulfonate [PZH2]**2[CISO3]" in the liquid-

state

Colorless viscous liquid; '"H NMR (600 MHz, DMSO-ds) & 9.11 (s, 4H), 3.34 (s, 8H)

ppm; *C NMR (150 MHz, DMSO-ds) & 40.54 ppm.
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Figure 3.2: The image of 1H,4H-piperazine-diium dichlorosulfonate in the liquid-state

3.2.4 1H,4H-piperazine-diium dichlorosulfonate [PZH:]**2[CISO3] in the solid-

state

White solid, melting point 290-291 °C; 'H NMR (600 MHz, DMSO-de) & 9.12 (s, 4H),

3.34 (s, 8H) ppm; *C NMR (150 MHz, DMSO-ds) & 40.44 ppm.

Figure 3.3: The image of 1H,4H-piperazine-diium dichlorosulfonate in the solid-state
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3.3 Results and Discussion

3.4.1 Synthesis of 1H,4H-piperazine-diium dichlorosulfonate [PZH:2]**2[CISOs]

1 H,4H-piperazine-diium dichlorosulfonate [PZH,]*"2[CISO;] was prepared through the
dropwise addition of two equivalents of neat chlorosulfonic to a solution of piperazine in
CH:Cl; or CH3CN. Then, the reaction mixture was stirred at room temperature overnight

(Figure 3.4).

Figure 3.4: Synthesis of 1H,4H-piperazine-diium dichlorosulfonate [PZH,]*" 2[CISOs]

The product was a colorless viscous liquid and white solid in dichloromethane
and acetonitrile, respectively; which their structures were characterized by 1D and 2D
NMR, mass, FTIR, and Raman Spectra. The C4H1:N> was detected by a positive mode of
LC-ESI-MS at m/z 87.0918 and 87.0916 as well as C4H12CIN2O3S" at m/z 203.0252 and
203. 0253 for solid and liquid state of 1H,4H-piperazine-diium dichlorosulfonate,

respectively.

3.421D and 2D NMR Spectra of 1H,4H-piperazine-diium dichlorosulfonate

[PZH:]**2[CISOs]"

The '"H NMR of piperazine in DMSO-ds showed one singlet at 2.59 and one broad singlet
centered at 2.04 at ratio 8 to 2 which are assigned to four methylene groups in piperazine
ring and protons of two >NH moieties, respectively. Four carbons of piperazine ring are

also displayed at 47.41 ppm (see Figures A.1 and A.2).
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It was indicated that an internal salt is often formed when an amine group is
present in the molecule containing sulfonic acid moiety, and hydrogens of amine and
sulfonic acid groups observed as a broad singlet at ca. 8.3 ppm (Zhang et al 2014). We
proposed that the reaction of piperazine and chlorosulfonic acid in dichloromethane or

acetonitrile can afford two structures (I) and (II) (Figure 3.5).

Figure 3.5: Two possible of 1H,4H-piperazine-diium dichlorosulfonate

[PZH,]**2[CISO3]

The 'H NMR spectra of the 1H,4H-piperazine-diium dichlorosulfonate
[PZH,]*"2[CISOs] Exhibited only two singlet peaks in a ratio 2:1 for eight protons >CH>
at 3.34 ppm and the four protons of >NH> at 9.11 ppm and 9.12 ppm in liquid and solid-
state, respectively. The 3C NMR spectrum showed one peak for four identical carbons at
40.44 and 40.54 ppm in liquid and solid-state, respectively (Figs. A.3- A.6). The
inaccurate integration ratios are due to an exchange labile proton between the residual

water in DMSO-ds and [PZH>]*"2[CISO3].

The 'H NMR spectrum of [PZH,]**2[CISOs] in liquid state showed the presence
of water as two peaks, a singlet at 3.67 ppm corresponding to H>O and triplet at 7.12 ppm
in DMSO-ds corresponding to hydrogen coupling with N nucleus with a coupling

constant of 51.1 Hz (Figure A.7).
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The spectrum of 1H,4H-piperazine-diium dichlorosulfonate in D>O also confirms
the exchangeable and labile nature of the protons at 9.11 ppm or 9.12 ppm for the liquid
and solid-states (Figure A.8). The eight inert protons and four carbons of piperazine ring
were observed at 3.52 ppm and 40.34 ppm in 'H NMR and '*C NMR spectrum of

[PZH,]**2[CISOs] in D20 (Figures A.8 and A.9).

As shown in Figure A.10, a correlation between the protons of >NH>" at 9.12 ppm
and CH; groups at 3.34 ppm is observed in 'H,' H-COSY spectrum of [PZH,]*"2[CISOs]
which approves the structure (II). The same correlation was detected in 'H,'!H-COSY

spectrum of [PZH>]**2[CISOs]" in liquid state.

Also, the correlations of protons with carbon and nitrogen atoms of piperazinium
ring are observed in 'H,'3C- and 'H,">"N-HMBC spectrum of [PZH>]*"2[CISOs] (Figs.
A.11 and A.12). The 1D and 2D NMR spectrum results suggested that the 1H,4H-
piperazine-diium ring with stable chair conformation interconverts rapidly at room
temperature and two set of protons including ammonium and methylene moieties are in
an identical environment and exhibit identical chemical shift due to nitrogen atom and

ring inversion.

3.43 FTIR spectrum of the 1H,4H-piperazine-diium dichlorosulfonate

[PZH:]**2[CISOs]"

The presence of chlorosulfonate anion and the confirmation of structure (II) are further
supported by Raman and IR spectroscopy. The infrared spectra of 1H,4H-piperazine-

diium dichlorosulfonate [PZH2]**2[CISO;] is shown in Figure 3.6. The contribution of
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the CISO" ion was identified by comparison with the infrared spectra of other salts of
same anions (Waddington et al, 1960). The spectra contained a few strong bands at
418,441,458 and 578 cm’!, and strong bands at 770, 887, 996, 1099, 1135, and 1377 cm™
!, respectively. The bands at 441 cm™, 574 cm’!, and 770 cm™ were assigned to the S-Cl
stretching, SO bending, and S-O stretching modes, respectively (Erben et al, 2003). The
medium intensity band at 1653 cm™ and two relatively sharp bands at 1610 and 1587 cm™
!, which are due to the deformation vibration modes of >NH," groups in /H,4H-
piperazine-diium ring and are characteristic of secondary amine salts (Heacock et al,
1956). Two bands at 2982 and 3134 cm™! are assigned to methylene groups in 1H,4H-
piperazine-diium ring and two peaks at 3447 and 3390 cm™' can be attributed to NH,"
moieties groups. It is also worth mentioning that peaks at 2475, 2615, and 2741 cm™ are
assigned to N-H stretch bond and their shifting from approximately 3000 cm™! to thus

region is due to the increase of the hydrogen bonding strength (Heacock et al, 1956).

Figure 3.6: The FTIR of 1H,4H-piperazine-diium dichlorosulfonate [PZH,]**2[CISO3]
in liquid state.
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3.4.4 Raman spectrum of the 1H,4H-piperazine-diium dichlorosulfonate

[PZH2)**2[CISOs]

Raman spectrum of 1H,4H-piperazine-diium dichlorosulfonate was studied to confirm of
the presence of chlorosulfonate anion and ionic structure (II) (Figures 3.7 and 3.8). By
comparison with the S-CI frequencies in chlorosulfonic acid, NaSO3Cl and KSO3Cl in
DMSO (Gillespie et al, 1962), it appears that bands at 420 and 438 cm™! can be assigned

to the S-Cl frequency in [PZH>]**2[CISOs]".

Figure 3.7: The Raman of 1H,4H-piperazine-diium dichlorosulfonate [PZH,]*"2[CISOs]
in liquid-state

Gillespie and Robinson studied the Raman spectra of NaSOsCl in dimethyl
solfoxide, while Stufkens and Gerding investigated the Raman spectra of chlorosulfonic
acid and sodium chlorosulfonate in acetic acid and N, N-dimethylacetamide (DMA). It is
well documented that the solvent such as N, N-dimethylacetamide (DMA) can form the
strong interaction with the chlorine of the CISO3™ and cause the change in polarization,
and some disturbing occurs in the presence of solvent. Although Stufkens and Gerding

characterized the lowest band (312 cm™) in the Raman spectrum of HSOsCl in acetic acid
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as the 8(S-Cl)-ve(E), and Gillespie and Robinson mentioned 220 cm™ band for this
vibrational frequency, the cm™! band was not observed in Raman spectra of NO-SOsCl in
the solid and molten salt state (Stutkens et al, 2010)]. Our results are exhibited together
with those of Paul (Paul et al 1969), Waddington (Waddington et al, 1960), Gillespie

(Gillespie et al, 1962) and Stufkens (Stufkens et al, 1970) in Table 3.1.

Figure 3.8: The Raman of 1H,4H-piperazine-diium dichlorosulfonate
[PZH>]**2[CISOs] in solid-state

Although the depolarized band of the S-Cl wag at 202 cm™! for liquid- and solid-
state of 1H,4H-piperazine-diium dichlorosulfonate, were very weak in our Raman
spectra, the bands at 420-460 cm™ were polarized and assigned as the S-CI stretch v3(A)

(Figs. 5 and 6) (Gillespie et al, 1962; Steger et al, 1967).
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Table 3.1: Our results of the IR and Raman spectra of the CISO3™ anion together with the
previous reports

Waddin  Paul Gilles Stufkens  Our results

t . .
gon pie Approximate ~ Assignment
(IR FTIR description
>500 Raman 1 Raman

-1 (>450cm™)

cm’')

1044 1044 1050 1042 996,1135 1040°, 1041° v, (S0O5) v, (A1)
565 562 535 601 574 577¢, 578" 3, (SO;) v, (A1)
540 540 416 381 419, 442 420°°,438°,439°" v (S-Cl) v, (A1)
1275 1250 1195 1300 1135,1332 11591322, 1320°" v, (8O3 v, (BE)
583 580 585 553 574 588,613 3,, (SO3) vs (E)
- - 220 312 - 2022 3(S-Cl) v (B)

 Liquid-state of 1 H,4H-piperazine-diium dichlorosulfonate
b Solid-state of 1H,4H-piperazine-diium dichlorosulfonate

3.4.5 The physical properties of 1H,4H-piperazine-diium dichlorosulfonate

[PZH:]**2[CISOs]

[PZH,]*"2[CISOs] in liquid-state showed no crystallization even at low temperature (-4
°C). The density of liquid-state was recorded 1.12 g/mL at 27.00 + 0.02 °C. The viscosity
of [PZH,]*"2[CISOs] in liquid-state was determined 18.2 = 0.02 mPa s (cP) at 27.00 +
0.02 °C under ambient pressure. The ionic conductivity (o) of neat [PZH,]*"2[CISOs] in
the liquid-state was measured 1.91 mS cm™ at 25 °C. The total water content of
[PZH,]*"2[CISOs] in solid- and liquid-state were determined 0.24 + 0.02 wt %,
respectively by Karl Fisher titration using a Metrohm 831 kF coulometer in conditions of
ambient humidity and temperature. The conditions of temperature, pressure and drying
time were 100 °C, 80 mbar and 12 h, respectively. The pH of several 0.01 M solutions of
[PZH,]*"2[CISOs] in solid- and liquid-state were recorded 1.9 + 0.1 at 27 + 1 °C,
respectively. One of the more interesting properties of new ionic compound was its
solubility. Although [PZH,]**2[CISOs]" was soluble in water, dimethyl sulfoxide, and
acetonitrile it was immiscible with methanol, ethanol, ethyl acetate, and n-hexane. The
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solubility of internal salts is very dependent on the possibilities of stabilizing the crystal
by internal hydrogen bonding, and upon the pKa or pKy of any ionizable moieties. This
unusual solubility can be very useful for the organic synthesis including the increase of
recyclability of catalyst, and the reducing toxic waste generation through the separation

of organic products by a simple workup.

3.4.6 The thermal behavior of 1H,4H-piperazine-diium dichlorosulfonate

[PZH:]**2[CISOs]

The thermal behavior of [PZH>]**2[CISOs] is displayed as a differential scanning
calorimetry (DSC) plot in two cycles at temperature ranges of 30-300 and30-500°C in
Figure 3.9 in a nitrogen atmosphere and over a temperature range of 30-300°C, two sharp
endothermic peaks were recorded on the DSC curve of [PZH,]**2[CISOs], and no
exothermic peak was observed. The first peak is likely due to the melting point of
[PZH,]*"2[CISOs] which began at 31.7°C and ended at 70.5°C, with a latent heat of
fusion of 30.4 J g'l. The second endothermic sharp peak was observed in the range of
138.8-160.3°C and centred at 147.7°C, which was assigned to the dehydration and
degassing of the IL, supported by the thermogravimetric/differential thermal analyses
(TGA/DTA) results, with a latent heat of evaporation of 59.2 J g”!. The second cycle at a
temperature range of 30-500°C showed a sharp peak with an onset and en-point at 303.7
and 369.4°C, respectively. The maximum temperature of this peak at 356.6°C was
assigned as the boiling point-decomposition of [PZH>]*"2[CISOs]" due to an appreciable
loss of weight, a remarkable change in heat capacity of the sample, and an exothermic

baseline shift. The latent heat of evaporation-decomposition of the IL is 616.6 J g\
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Figure 3.9: The DSC of 1H,4H-piperazine-diium dichlorosulfonate
[PZH2]*"2[CISOs]

Figure 3.10 displays a TGA/DTA curve of [PZH,]**2[CISOs] in a temperature
range from 30 to 800°C under nitrogen atmosphere. Three peaks are visible on the DTA
curve, and [PZH,]*"2[CISO;] started to decompose at 295°C, and its thermal
decomposition is mainly completed at 345°C, which is in good agreement with the result
of DSC. The first peak is observed to be below 200°C, centered at 138°C, with a
maximum mass loss of 13.8%. This is attributed to the content of inherent moisture and
the physically adsorbed solvent in [PZH>]**2[CISOs]". The second and the third peaks
showed a maximum mass loss of 47.0 and 32.5 at 250-320 and 320-345°C, respectively,
which is related to the total decomposition of [PZH,]*"2[CISOs]. The DSC and
TGA/DTA results showed that [PZH,]*"2[CISOs] is thermally stable up to 250°C
probably owing to the strong electrostatic attractions between piperazine-1,4-diium and

chlorosulfonate in the structure of [PZH,]*>"2[CISOs]
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Figure 3.10: The TGA/DTA of 1H4H-piperazine-diium dichlorosulfonate
[PZH>]*"2[CISOs]

3.5 Conclusion

In summary, a novel mono-core dicationic salt-containing chlorosulfonate counterion was
prepared in a pure solid and liquid state and its structure was characterized by 1D and 2D
NMR, Mass spectra. The physical properties such as density and viscosity and pH of the
aqueous solutions of new ionic liquid were determined. The correct structure was
elucidated by COSY analysis, which was supported by Raman study. The FTIR and
Raman spectra of pure liquid and solid state [PZH,]*"2[CISOs] were studied and our
assignments for IR and Raman peaks were compared with previous reports in the
literature for chlorosulfonate anion. The lowest band in Raman spectrum of
[PZH,]*"2[CISOs]" [PZH2]**2[CISOs] solid- or liquid-state was found at 418 cm'
frequency which is assigned to S-ClI stretch. The band S-Cl wag is depolarized and was
weakly observed at 206 and 203 cm™' frequencies in Raman spectra of both solid- and
liquid-state of 1H,4H-piperazine-diium dichlorosulfonate. A combination of the S-Cl

stretches and the S-C1 wag was attributed to 675 cm™ frequencies in FTIR.
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CHAPTER FOUR

ARTICLE 2

SYNTHESIS OF NEW DIHYDRO-[1,2,4]TRIAZOLO|[1,5-a]PYRIMIDE

SCAFFOLDS] USING 1H,4H-PIPERAZINE-DIIUM DICHLOROSULFONATE

4.1 Introduction

In recent years, the design and development of new ionic liquids (ILs) and their
applications have been widely studied as solvents and/or catalysts in organic synthesis,
primarily due to their distinct properties, including low volatility and vapor pressure, and
good to high thermal and chemical stability. The polarity and physical properties of ILs
are tunable and designable by judicial choice of cations or anions, which is the most
prominent feature of ILs (Khaligh et al, 2019). Furthermore, the easy separation of
organic products from and recyclability of ILs are seen as other notable merits of IL
applications in most organic transformations. These advantages lead to avoiding the
generation of metal-containing waste and minimizing the use of toxic, volatile, and
flammable organic solvents (Mihankhah et al, 2018; Khaligh et al, 2018; Khaligh et al,

2019).

Triazolo-pyrimidines constitute an influential class of bicyclic nitrogen
heterocycles. They have been extensively studied due to their broad range of biological
and pharmaceutical activities (Oukoloff et al, 2019), including anticancer (Zhang et al,
2007), antiparasitic (Esteban et al, 2019), antimicrobial (Abd et al, 2020), antibacterial
(Wang et al, 2015), antiproliferative and anti-tubulin (Yang et al, 2019), andti-HIV
(Huang et al, 2015), and anti-fungal (Chen et al, 2008) properties. Triazolo[1,5-

a]pyrimidines are often prepared through a one-pot three-component condensation of aryl
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aldehydes, active methylene compounds, and aminotriazoles in the presence of catalytic
system. Due to their biological and pharmaceutical properties, extensive studies have
been reported to access new substituted triazolo[1,5-a]pyrimidines (Fizer et al, 2016).
Each reported method has merits and limits/disadvantages. Some disadvantages include
the a) high cost of catalyst preparation due to two or more preparative steps which leads
to the generation of more waste, b) use of toxic, volatile, and/or highly flammable
solvents, c) use of expensive, toxic, and non-recyclable catalysts, d) tedious and time-
consuming workup, and e) generation of toxic waste. Therefore, the design and
development of safe and greener processes as well as inexpensive, non-toxic, and

recyclable catalysts are highly demanded.

In continuing our research on the synthesis of new ILs and their applications in
various organic transformations as the solvent and/or catalyst, we designed and
synthesized a new IL. Two structures were proposed for the new IL, in which the structure
of 1H,4H-piperazine-diium dichlorosulfonate ([PZH,]*"2[CISOs]") was confirmed by 1D
and 2D NMR, FT-IR, Raman, and mass spectrum analysis. Furthermore, the dual solvent-
catalyst activity of the new IL was demonstrated for the synthesis of new

dihydro[1,2,4]triazolo[1,5a]pyrimidine scaffolds.
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4.2 Methodology

General materials, characterizations and methodology refers to 3.2.1.

4.2.1 Typical procedure for the synthesis of 2-amino-4-aryl-7,7-demethyl-5-0xo0-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitrie (2a-j)

A mixture of aromatic aldehyde (0.20 mmol), ethyl cyanoacetate (23.39 mg, 0.022 mL,
0.21 mmol), and 3-amino-1,2,4-triazole (16.82 mg, 0.21 mmol) was stirred in 0.5 mL of
[PZH>]**2[CISO;3] at 35°C for appropriate reaction times. After completion of the
reaction, the product was extracted by EtOAc (5 x 5 mL). The crude product was purified
by recrystallization from ethanol after removal of EtOAc by rotary evaporator at reduced

pressure.

4.2.2 Ethyl 5-amino-7-(4-chlorophenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a]

pyrimidine -6-carboxylate (2a)

Compound 2a was obtained as a white solid, melting point 190-191°C; du (400 MHz,
DMSO-ds) 8.83 (s, 2H), 8.41 (s, 1H), 8.07 (d, J 8.6, 2H), 7.66 (d, J 8.6, 2H), 6.56 (s, 1H),
5.65 (s, 1H), 4.31 (q, J 7.2, 2H), 1.30 (t, J 7.2, 3H). 6c (100 MHz, DMSO-ds) 161.6,
153.6, 143.1, 138.0, 132.4, 130.2, 129.4, 115.4, 103.2, 62.44, 51.7, 14.0. Anal. Calc. for

C14H14CIN5O2: C 52.59, H 4.41, N 21.90. Found: C 52.57, H 4.45, N 21.87%.

4.2.3 Ethyl 5-amino-7-(4-bromophenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-

a]pyrimidine -6-carboxylate (2b)

Compound 2b was obtained as a white solid, melting point 184-185°C; ou (400 MHz,
DMSO-ds) 8.68 (s, 2H), 8.42 (s, 1H), 7.98 (d, J 8.6, 2H), 7.83-7.80 (d, J 1.6 and 8.6, 2H),

6.43 (s, 1H), 5.63 (s, 1H), 4.36 (q, J 7.2, 2H), 1.30 (t, J 7.2, 3H). 5¢ (100 MHz, DMSO-
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des) 161.6, 153.8, 140.0, 132.4, 132.4, 130.5, 127.1, 115.4, 103.4, 62.4, 52.0, 14.0. Anal.

Calc. for C14H14BrNsO2: C 46.17, H 3.87, N 19.23. Found: C 46.14, H 3.91, N 19.21%.

4.2.4 Ethyl 5-amino-7-(4-nitrophenyl)-4,7-dihydro-[1,2,4]|triazolo[1,5-a]

pyrimidine -6-carboxylate (2¢)

Compound 2¢ was obtained as a white solid, melting point 197-198°C; 6n (400 MHz,
DMSO-ds) 8.85 (s, 1H), 8.53 (s, 2H), 8.04 (d, J 8.2, 1H), 7.63 (d, J 8.6 2H), 6.61 (s, 1H),
5.64 (s, 1H), 4.34 (q, J 7.2, 2H), 1.34 (t, J 7.2, 3H). dc (100 MHz, DMSO-ds) 163.6,
152.9, 143.2, 139.2, 132.5, 130.5, 128.2, 115.3, 103.2, 62.3, 51.8, 14.0. Anal. Calc. for

C14H14N6O4: C 50.91, H 4.27, N 25.44. Found: C 50.88, H 4.32, N 25.47%.

4.2.5 Ethyl 5-amino-7-(2-nitrophenyl)-4,7-dihydro-[1,2,4|triazolo[1,5-a]

pyrimidine -6-carboxylate (2d)

Compound 2d was obtained as a white solid, melting point 183-184°C; ou (400 MHz,
DMSO-ds) 8.83 (s, 1H), 8.55 (s, 2H), 8.32 (d, J 8.2, 1H), 7.97-7.91 (m, 2H), 7.84 (t, J
7.6, 1H), 6.61 (s, 1H), 4.35 (q, J 7.0, 2H), 1.33 (t, J 7.0 3H). 6c (100 MHz, DMSO-ds)
160.9, 154.9, 147.2, 141.2, 134.7, 132.5, 130.5, 128.2, 125.2, 114.2, 107.4, 62.7, 52.0,
13.9. Anal. Calc. for C14H14N¢O4: C 50.91, H4.27, N 25.44. Found: C 50.86, H 4.33, N

25.41%.

4.2.6 Ethyl 5-amino-7-(4-methoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a]

pyrimi-dine-6-carboxylate (2¢)

Compound 2e was obtained as a white solid, melting point 187-188°C; 6u (400 MHz,
DMSO-ds) 8.57 (s, 1H), 8.07 (d, J 8.8, 2H), 7.13 (d, J 8.8, 2H), 6.43 (s, 1H, NH), 5.22 (s,

1H, CH), 4.28 (q, J 7.0, 2H), 3.85 (s, 3H), 1.28 (t, J 7.0 3H). 8¢ (100 MHz, DMSO-ds)
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163.5,162.3,154.4, 137.1, 133.5, 123.9, 116.2, 114.9, 98.5, 62.0, 55.7, 51.7, 14.0. Anal.

Calc. for C15H17NsO3: C 57.13, H 5.43, N 22.21 Found: C 57.08, H 5.47, N 22.24%.

4.2.7 Ethyl 5-amino-7-(2-methoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a]

pyrimi-dine-6-carboxylate (2f)

Compound 2f was obtained as a white solid, melting point 205-206°C; 6u (400 MHz,
DMSO-ds) 8.54 (s, 1H), 8.35 (s), 8.12 (d, J 7.8, 1H), 7.64-7.59 (m, 1H), 7.20-7.17 (m,
1H), 7.13-7.09 (m, 1H), 6.37 (s, 1H), 5.65 (s, 1H), 4.30 (q, J 7.0, 2H), 3.87 (s, 3H), 1.29
(t, J 7.0, 3H). dc (100 MHz, DMSO-ds) 161.9, 158.8, 148.9, 140.6, 135.5, 128.4, 120.7,
119.7, 115.6, 112.1, 102.1, 62.3, 56.0, 51.7, 13.9. Anal. Calc. for CisH17NsO3: C 57.13,

H 5.43, N 22.21 Found: C 57.11, H 5.45, N 22.18%.

4.2.8 Ethyl 5-amino-7-(3,4-dimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-

a]pyri-midine-6-carboxylate (2g)

Compound 2g was obtained as a white solid, melting point 190-191°C; du (400 MHz,
DMSO-dy) 8.45 (s, 2H), 8.23 (s, 1H), 7.72 (s, 1H), 7.69 (dd, J 8.6 and 1.6, 1H), 7.14 (d,
J8.4,1H), 6.38 (s, 1H), 5.21 (s, 1H), 4.30 (q, J 7.0, 2H), 3.88 (s, 3H), 3.80 (s, 3H), 1.3 (t,
J 7.0, 3H). 6c (100 MHz, DMSO-ds) 162.4, 154.6, 153.6, 148.8, 131.1, 126.8, 124.0,
116.3, 113.0, 111.9, 98.6, 62.0, 56.0, 55.5, 52.0, 14.0. Anal. Calc. for CisHi9Ns5O4: C

55.64, H 5.55, N 20.28 Found: C 55.61, H 5.58, N 20.24%.

4.2.9 Ethyl S5-amino-7-(2,4,6-trimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-

a]- pyrimidine-6-carboxylate (2h)

Compound 2h was obtained as a white solid, melting point 206-207°C; ou (400 MHz,

DMSO-de) 8.61 (s, 2H), 8.26 (s, 1H), 6.65 (s, 1H), 6.31 (s, 2H), 5.71 (s, 1H), 4.25 (d, J
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7.0, 2H), 3.86 (s, 3H), 3.84 (s, 6H), 1.26 (t, J 7.0, 3H). 5¢ (100 MHz, DMSO-ds) 165.8,
163.1, 160.8, 146.7, 140.0, 115.6, 103.2, 102.1, 91.0, 61.8, 55.8, 55.6, 51.4, 14.0. Anal.

Calc. for C17H21NsOs: C 54.39, H 5.64, N 18.66 Found: C 54.42, H 5.59, N 18.61%.

4.2.10 Ethyl 5-amino-7-(3,4,5-trimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-

a]- pyrimidine-6-carboxylate (2i)

Compound 2i was obtained as a white solid, melting point 211-212°C; 6u (400 MHz,
DMSO-ds) 8.62 (s, 2H), 8.27 (s, 1H), 6.66 (s, 1H), 6.43 (s, 2H), 5.61 (s, 1H), 4.29 (q, J
7.0, 2H), 3.82 (s, 3H), 3.80 (s, 6H), 1.28 (t, J 7.0, 3H). 6c (100 MHz, DMSO-ds) 167.4,
165.8, 160.8, 141.7, 130.0, 105.6, 102.1, 91.0, 62.0, 55.8, 51.4, 14.0. Anal. Calc. for

C17H21N50s: C 54.39, H 5.64, N 18.66 Found: C 54.41, H 5.57, N 18.69%.

4.2.11 Ethyl 5-amino-7-(4-(dimethylamino)phenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-

a]- pyrimidine-6-carboxylate (2j)

Compound 2j was obtained as a yellow solid, melting point 181-182°C; on (400 MHz,
DMSO-dy) 8.36 (s, 2H), 8.06 (s, 1H), 7.92 (d, J 9.0, 2H), 6.81 (d, J 9.0, 2H), 6.27 (s, 1H),
5.21 (s, 1H), 4.24 (q, J 7.0, 2H), 3.05 (s, 6H), 1.25 (t, J 7.0, 3H). &¢ (100 MHz, DMSO-
ds) 163.4, 154.1, 153.7, 137.2, 133.7, 118.3, 117.5, 111.6, 92.0, 61.4, 52.6, 40.1, 14.1.
Anal. Calc. for Ci7H21NsOs: C 58.52, H 6.14, N 25.59. Found: C 58.48, H 6.19, N

25.56%.

4.3 Results and Discussion

4.3.1 Dual Solvent-Catalyst Activity of the New IL

Initially, the condensation of 4-chlorobenzaldehyde (1a), ethyl cyanoacetate, and 3-

amino-1,2,4-triazole were chosen as a model reaction. A few spots were detected by TLC,
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along with the aldehyde spot, when the model reactants were stirred in ethanol as solvent
at 35°C which showed complete conversion and ethyl 5-amino-7-(4-chlorophenyl)-4,7-
dihydro-[1,2,4]triazolo[1,5-a]pyrimidine-6-carboxylate (2a) was isolated in 32% yield
after workup and recrystallization from hot ethanol (Table 4.1, entry 2). A notable
improvement was observed when the amount of [PZH»]*"2[CISO;] was increased to 0.5
mL (Table 4.1, entries 3 and 4). The model reaction was then carried out in the presence
of [PZH,]**2[CISOs] as the reaction medium and catalyst which led to 82% yield after 2
h (Table 4.1, entry 5). The shorter reaction times resulted in lower yields of the desired
product (Table 4.1, entries 6 and 7). A remarkable decrease in yield was observed when
the model reaction was conducted in water as a solvent, which is probably due to the
limited solubility of reactants in the aqueous medium. Based on the results mentioned

above, we selected entry 5 in Table 4.1 as the optimal experimental conditions.

Table 4.1: Optimization of the synthesis of ethyl 5-amino-7-(4-chlorophenyl)-4,7-
dihydro-[1,2,4]triazolo[1,5-a]pyrimidine-6-carboxylate

Entry* Vol. [PZH,]**2[CISOs] Solvent Reaction time Yield
[mL] [h] [%6]®

1 0.0 EtOH 2.0 ¢

2 0.02 EtOH 2.0 32

3 0.1 EtOH 2.0 52

4 0.5 EtOH 2.0 76

5 0.5 Neat 2.0 820

6 0.5 Neat 1.0 62

7 0.5 Neat 1.5 78

8 0.5 Deionized water 2.0 64

AReaction conditions: 4-chlorobenzaldehyde (1a) (70.3 mg, 0.5 mmol), ethyl
cyanoacetate (0.053 mL, 0.5 mmol), and 3-amino-1,2,4-triazole (42.0 g, 0.5 mmol),
solvent (1.0 mL), reaction temperature 35°C.

Blsolated yield.

CMixture of products and incomplete convertion.

PThe chosen optimal conditions.
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The substrate scope of the current application of [PZH,]**2[CISOs] as a dual
solvent-catalyst was demonstrated for the preparation of 5-amino-7-aryl-4,7-dihydro
[1,2,4]triazolo[1,5-a]pyrimidine-6-carboxylate derivatives through the condensation of
various substituted aromatic aldehydes 1a-j, ethyl cyanoacetate, and 3-amino-1,2,4-

triazole under optimized reaction conditions (Figure 4.3).

CH;
[PZH]?*2[CISOs] (0.5 mL)

COOEt

»
»

CN Neat, 35°C, 2h

13-] Za-j
0.5 mmol 0.5 mmol 0.5 mmol Isolated yield 61-82 %

Neat, 35°C, 2h

Figure 4.3: Synthesis of 5-amino-7-aryl-4,7-dihydro-[1,2,4]triazolo[ 1,5 a]pyrimidine-6-
carboxylates under optimized reaction conditions.
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A variety of aromatic aldehydes bearing electron-withdrawing or donating
substituents were examined under optimized reaction conditions. The functional groups
such as methoxy, nitro, and halides were tolerated without the formation of any by-
products (Table 4.2). The nature and position of substituents of the aromatic aldehyde
demonstrated a significant influence on the yields and reaction times. When electron-
withdrawing groups were on aromatic aldehydes, the reactions were completed within the
shorter reaction times and offered higher yields than electron-donating substituents in the

same positions (Table 4.2, entries 1-4 and 10).

The aromatic aldehydes with electron-withdrawing groups at the para-position
afforded higher yields than the electron-donating groups at the same positions (Table 4.2,
entries 1-3, 5, 7-9). Furthermore, the substituents at the para-position of the aromatic
aldehydes gave higher yields than the same substituents at the meta- or ortho-positions
(Table 4.2, entries 3-6). 4-(Dimethylamino)benzaldehyde afforded a low yield (61 %)
under optimal conditions, which could be attributed to the inductive and resonance effect
of the dimethylamino group (Table 4.2, entry 10). All products were characterized by

melting point, 'H and '*C NMR spectra, and elemental analysis (see Figures A.13 — A.22).

The above mentioned results demonstrate the dual solvent-catalyst efficiency of
[PZH,]*"2[CISOs] for the synthesis of triazolo[1,5-a]pyrimidines as a typical one-pot

multicomponent reaction.

According to the proposed mechanism, both aldehyde and ethyl cyanoacetate can
be initially activated by [PZH,]**2[CISOs] through hydrogen bond formation (Figure
4.4). Intermediate IV is the formed through a nucleophilic attack of ethyl cyanoacetate to

the activated aldehyde. The Knoevenagel intermediate V is formed vial dehydration of
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the intermediate IV. [PZH2]**2[CISO;]" can promote the dehydration step as a
dehydrating agent (Zhang et al, 2007). The [PZH,]*"2[CISOs] activates 3-amino-1,2,4-
triazole, which reacts with the Knoevenagel intermediate V and affords the intermediate

VI. Finally, an intramolecu;ar cyclisation gives the triazolo[1,5-a]-pyrimidine.

Table 4.2: The one-pot multicomponent synthesis of triazolo[1,5-a]pyrimidines in the
presence of [PZH>]>"2[C1SO;] under optimized reaction conditions

Entry®  Aldehydes 1a-j Product Triazolo[1,5- Reaction time Yield
a]pyrimidines 2a-j [min] [%]®
1 la, Ar=4-CI-C¢Hs 2a 120 82
2 1b, Ar = 4-Br-CsH4 2b 120 80
3 1¢, Ar = 4-NO2-CeHy 2¢ 115 82
4 1d, Ar =2-NO2-CsHs 2d 130 70
5 le, Ar =4-(CH;0)-CsHy 2e 145 75
6 1f, Ar = 2-(CH30)-C¢H4 2f 145 70
7 1g, Ar = 3,4-(CH30)-CeH3" 2g 140 73
8 1h, Ar =2,4,6-(CH30)3-CsHz 2h 165 70
9 1i, Ar = 3,4,5-(CH30)3-CsH2 2i 140 71
10 1j, Ar =4-(CH3)2N-CeHy 2j 170 61

AReaction conditions: various aldehydes 1a-j (0.5 mmol), ethyl cyanoacetate (0.5 mmol),
3-amino-1,2,4-triazole (0.5 mmol), 1 mL of [PZH,]**2[CISOs]", reaction temperature
35°C.

Blsolated yield.
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Figure 4.4: A schematic reaction mechanism of the synthesis of triazolo[1,5-
a]pyrimidines in the presence of [PZH,]**2[CISOs]

A large scale experimentwas investigated by the condensation 7.0 g of 4-
chlorobenzaldehyde (1a) with ethyl cyanoacetate and 3-amino-1,2,4-triazole in 5 mL of
[PZH>]**2[CISOs3] under optimized reaction conditions. The desired product 2a was

isolated in 76 % yield after 2 h.

4.3.2 [Easy Separation and Recyclability of the New IL

The products were separated via extraction by ethyl acetate after completion of the
reaction. After removing ethyl acetate at a reduced pressure by rotary evaporation, pure
products were obtained by recrystallizing from ethanol. The new IL was dried under
vacuum and was used for the next run. The results demonstrated that the recovered IL
could be reused up to 10 times without significant loss in efficiency and afforded 2a in

the range of 82-76 % isolated yield (Figure 4.5).
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Figure 4.5: Catalytic efficiency of recycled [PZH2]**2[CISOs]

4.4 Conclusion

In conclusion, a novel ionic liquid containing chlorosulfonate anions was designed and
synthesized. The structure elucidation of this ionic liquid was conducted by 1D and 2D
NMR, FT-IR, Raman, and mass spectra analysis. The prominent physical properties of
this 1onic liquid were measured and reported. The nucleophilic attack of the nitrogen atom
of the piperazine ring to the central atom of chlorosulfonic acid seems unlikely, primarily
due to steric hindrance of the sulfur atom by chlorine and oxygen atoms. Hence, the
piperazine and chlorosulfonic acid formed structure II through and acid-base reaction.
The dual-solvent-catalyst efficiency of [PZH2]**2[CISOs3] was demonstrated to promote
a one-pot three-component reaction under mild conditions. The current protocol has

advantages such as being a relatively simple and sustainable procedure, giving a high
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yield of the desired products at 35°C, it avoids the use of toxic and volatile organic
solvents, requires a simple workup, and allows recyclability of the IL. All mentioned
merits will lead to reducing heavy metal and corrosive waste generation. Further research
on the investigation of properties and applications of [PZH2]**2[CISOs] is underway in

our laboratory.
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CHAPTER FIVE

ARTICLE 3

THE STRUCTURE ELUCIDATION OF NEW IONIC LIQUID AND ITS
APPLICATION FOR THE SYNTHESIS OF A SERIES OF NOVEL

TRIAZOLO[1,5-a]PYRIMIDINE SCAFFOLDS

5.1 Introduction

New catalysts and processes have been designed and introduced to follow some basic
principles of green chemistry such as use less toxic and less volatile reagents and solvents
during the reaction and workup, conduct the reaction in the absence of solvent, reduce the
generation of the hazardous waste, utilize a small amounts of catalysts, and use the
recyclable organocatalysts instead of using toxic metal-containing and non-recyclable

catalysts (Tanaka et al, 2000; Wenda et al, 2011).

Triazolo-pyrimidines constitute a significant class of bicyclic heterocycles
containing nitrogen which have been broadly synthesizedand reported due to a wide range
of biological and pharmaceutical activities Oukoloff et al, 2019) such as anticancer
(Zhang et al 2007), antiparasitic (Esteban et al, 2019), antimicrobial (Abd et al, 2020),
antibacterial (Wang et al, 2015), antiproliferative and antitubulin (Yang et al, 2019), anti-
HIV (Huang et al, 2015), and anti-fungal (Chen et al, 2008). Triazolo [1,5-a]pyrimidine
derivatives are often synthesized through a one-pot multicomponent condensation of aryl
aldehydes, aminotriazoles, and compounds bearing an active methylene moiety, and in
the presence of a catalytic system. Extensive studies have been reported to access a broad
range of the substituted triazolo [1,5-a]pyrimidine (Fischer, 2007). Very recently, the

bismuth loaded on fluorapatite (Bi2O3/FAp) was used for the preparation of 1,2,4-triazolo
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[1,5-a]pyrimidine scaffolds in ethanol at room temperature (Kerru et al, 2020). The
methods have merits and certain limits/disadvantages. Some disadvantages are including
(a) exist two or more preparative steps that increase the preparation cost, (b) use of toxic,
flammable, or volatile solvents, (c) use of expensive, toxic, or non-reusable catalysts, (d)
tedious workup, and € generation of toxic, hazard, or corrosive waste. Furthermore, the
preparation of the pharmaceutical and medicine products using Lewis acids is not
appropriate due to their high toxicity (Rao et al, 2007). Also, some of substituents such
as methoxy, nitro, cyano, as well as heterocycle aldehydes containing nitrogen and sulfur
atoms, or coordination of their acidic sites (Hirunsit et al, 2018). Moreover, most of Lewis
acids require an activation step before application. Therefore, the designing and
development of easy separable and recyclable heterogeneous organocatalyst are highly

demanded. Which can be used in the catalytic amount and greener conditions.

Recently, the synthesis of new ionic liquid (IL) named 4,4’-trimetrylene-N,N’-
sulfonic acid-dipiperidinium chloride was reported by our group. New low-viscose IL
was characterized and successfully applied as an efficient catalyst for the synthesis of 4H-
pyrans (Khaligh et al, 2019). Herein, the chemical structure of this IL s corrected
regarding 1D NMR and 2D NMR, especially by 'H,'H-COSY. The existence of
chlorosulfonate anion in new IL was supported by the frequencies in FTIR and Raman
Spectra, which were in good agreement with previous reports for chlorosulfonate anion
in the literature. Also, the dual solvent-catalyst activity of new IL, as an extension of
solvent and catalytic efficiency of new IL, was demonstrated for the synthesis of a series

of novel dihydro-[1,2,4] triazolo [1,5-a]pyrimidine scaffolds under mild conditions.
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5.2 Methodology

5.2.1 Material and Method

General materials, characterizations and methodology refers to 3.2.1.

5.2.2 The synthesis of 4,4’-trimethylene-N,N’-dipiperidinium dichlorosulfonate

[TMDPH:[>*2[CISO3]

The neat chlorosulfonic acid (3.0 ml, 40 mmol) was dropwise added to 4,4 trimethylene-
dipiperidine (4.21 g, 20 mmol) in dry CH>Cl> (20 mL). The reaction mixture was stirred
at room temperature for overnight, which led to the formation of two phases. The upper
phases were decanted, the residue was washed with CH2Cl> (3 x 5 mL), and excess of
solvent was removed under reduced pressure. The resulting ionic liquid was isolated 8.34

g (94%) as a low-viscous pale-yellow liquid.

5.2.3 The typical procedure for the synthesis of 2-amino-4-aryl-7,7-dimethyl-5-

0x0-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (2a-j)

A mixture of aromatic aldehyde (0.5 mmol), ethyl cyanoacetate (0.053 mL, 0.5 mmol),
and 3-amino-1,2,4-triazole (42 mg, 0,5 mmol) was stirred in 1.0 mL of
[TMDPH]**2[CISO;]" at room temperature for appropriate reaction times. After
completion, the products were extracted with ethyl acetate (3 x 5 mL). The organic layers
were combined and dried over anhydrous Na;SO4. The solvent was evaporated under
vacuum after filtration. The pure products were obtained by recrystallization from
ethanol. The residue IL was also dried into an oven at 50 °C for 4 h and used in the next

runs.
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5.2.4 Physical and spectra data of new dihydro-[1,2,4]triazolo[1,5-a]pyrimidines

Ethyl 5-amino-7-(4-chlorophenyl)-4,7-dihydro-[1,2,4]triazolo [1,5d-a]pyrimidine-6-
carboxylate (2a)

0.147 g of white solid (92%), m.p. 190-191 °C; 'H NMR (400 MHz, DMSO-ds)
0 8.83 (s, 2H), 8.41 (s, 1H) 8.07 (d, J = 8.6 Hz, 2H), 7.66 (d, ] = 8.6 Hz, 2H), 6.56 (s, 1H),
5.65 (s, 1H), 4.31 (q, ] =7.2 Hz, 2H), 1.30 (t, ] = 7.2 Hz, 3H) ppm; '3*C NMR (100 MHz,
DMSO-ds) 6 161.6, 153.6, 143.1, 138.0, 132.4, 130.2, 129.4, 115.4, 103.2, 62.44, 51.7,
14.0 ppm; Anal. Calcd. For C14H14CINsOz: C, 52.59; H, 4.41; N, 21.90; Found: C, 52.57;

H, 4.45; N, 21.87.

Ethyl 5-amino-7-(4-bromophenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a]pyrimidine  -6-
carboxylate (2b)

0.166 g of white solid (91%), m. p. 184-185°C; 'H (400 MHz, DMSO-ds) & 8.68
(s, 2H), 8.42 (s, 1H), 7.81 (d, J= 8.6, 2H), 6.43 (s, 1H), 5.63 (s, 1H), 4.36 (q, J 7.2, 2H),
1.30 (t, J = 7.2 Hz, 3H) ppm. *C NMR (100 MHz, DMSO-ds) § 161.6, 153.8, 140.0,
132.4, 132.4, 130.5, 127.1, 115.4, 103.4, 62.4, 52.0, 14.0 ppm; Anal. Calc. for

Ci14H14BrNsOz: C, 46.17; H 3.87; N, 19.23; Found: C, 46.14; H, 3.91; N, 19.21.

Ethyl 5-amino-7-(4-nitrophenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a] pyrimidine -6-
carboxylate (2¢)

0.155 g of white solid (94%), m. p. 197-198°C; 'H NMR (400 MHz, DMSO-ds)
0 8.85 (s, 1H), 8.53 (s, 2H), 8.04 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 8.2 Hz, 2H), 6.61 (s,
1H), 5.64 (s, 1H), 4.34 (q, J = 7.2 Hz, 2H), 1.34 (t, J= 7.2 Hz, 3H) ppm. *C NMR (100
MHz, DMSO-ds) 6 163.6, 152.9, 143.2, 139.2, 132.5, 130.5, 128.2, 115.3, 103.2, 62.3,
51.8, 14.0 ppm; Anal. Calc. for C14H14N6O4: C, 50.91; H, 4.27; N, 25.44; Found: C, 50.88;

H, 4.32; N, 25.47.
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Ethyl 5-amino-7-(2-nitrophenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a] pyrimidine -6-
carboxylate (2d)

0.137 g of white solid (83%), m. p. 183-184°C; 'H NMR (400 MHz, DMSO-ds)
0 8.83 (s, 1H), 8.55 (s, 2H), 8.32 (d, /= 8.2 Hz, 1H), 7.97-7.91 (m, 2H), 7.84 (t, J=7.6
Hz, 1H), 6.61 (s, 1H), 5.63 (s, 1H), 4.35 (q, J= 7.0 Hz, 2H), 1.33 (t,J= 7.0 3H) ppm. 1*C
NMR (100 MHz, DMSO-ds) & 160.9, 154.9, 147.2, 141.2, 134.7, 132.5, 130.5, 128.2,
125.2, 114.2, 107.4, 62.7, 52.0, 13.9; Anal. Calc. for C14H14NeO4: C, 50.91; H, 4.27; N,

25.44; Found: C, 50.86; H, 4.33; N, 25.41.

Ethyl 5-amino-7-(4-methoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a] pyrimi-dine-6-
carboxylate (2e)

0.136 g of white solid (86%), m. p. 187-188°C; 'H NMR (400 MHz, DMSO-ds)
0 8.57 (s, 2H), 8.31 (s, 1H), 8.07 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 8.8 Hz, 2H), 6.43 (s,
1H, NH), 5.22 (s, 1H, CH), 4.28 (q, /= 7.0 Hz, 2H), 3.85 (s, 3H), 1.28 (t, /= 7.0 Hz, 3H)
ppm. *C NMR (100 MHz, DMSO-ds) & 163.5, 162.3, 154.4, 137.1, 133.5, 123.9, 116.2,
114.9, 98.5, 62.0, 55.7, 51.7, 14.0 ppm; Anal. Calc. for Ci;sHi7NsOs: C, 57.13: H, 5.43;

N, 22.21; Found: C, 57.08; H, 5.47; N 22.24.

Ethyl 5-amino-7-(2-methoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a] pyrimi-dine-6-
carboxylate (2f)

0.126 g of white solid (80%), m. p. 205-206°C; 'H NMR (400 MHz, DMSO-ds)
0 8.54 (s, 1H), 8.35 (s), 8.12 (d, J = 7.8 Hz, 1H), 7.64-7.59 (m, 1H), 7.20-7.17 (m, 1H),
7.13-7.09 (m, 1H), 6.37 (s, 1H), 5.65 (s, 1H), 4.30 (q, J= 7.0 Hz, 2H), 3.87 (s, 3H), 1.29
(t,J=17.0 Hz, 3H) ppm. 3C NMR (100 MHz, DMSO-ds) § 161.9, 158.8, 148.9, 140.6,
135.5, 128.4, 120.7, 119.7, 115.6, 112.1, 102.1, 62.3, 56.0, 51.7, 13.9 ppm; Anal. Calc.

for C1sH17Ns03: C, 57.13; H, 5.43; N, 22.21; Found: C, 57.11; H, 5.45; N, 22.18.
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Ethyl 5-amino-7-(3,4-dimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[1,5-a]pyri-midine-
6-carboxylate (2g)

0.147 g of white solid (85%), m. p. 190-191°C; 'H NMR (400 MHz, DMSO-ds)
0 8.45 (s, 2H), 8.23 (s, 1H), 7.72 (s, 1H), 7.69 (dd, J = 8.6 and 1.6 Hz, 1H), 7.14 (d, J =
8.4, 1H), 6.38 (s, 1H), 5.21 (s, 1H), 4.30 (q, J = 7.0 Hz, 2H), 3.88 (s, 3H), 3.80 (s, 3H),
1.3 (t,J = 7.0, 3H) ppm. *C NMR (100 MHz, DMSO-ds) & 162.4, 154.6, 153.6, 148.8,
131.1, 126.8, 124.0, 116.3, 113.0, 111.9, 98.6, 62.0, 56.0, 55.5, 52.0, 14.0 ppm. Anal.

Calc. for C16H19NsO4: C, 55.64; H, 5.55; N, 20.28; Found: C, 55.61; H, 5.58; N. 20.24.

Ethyl 5-amino-7-(2,4,6-trimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[ 1,5-a]-
pyrimidine-6-carboxylate (2h)

0.150 g of white solid (80%), m. p. 206-207°C; 'H NMR (400 MHz, DMSO-ds)
0 8.61 (s, 2H), 8.26 (s, 1H), 6.65 (s, 1H), 6.31 (s, 2H), 5.71 (s, 1H), 4.25 (d, J = 7.0 Hz,
2H), 3.86 (s, 3H), 3.84 (s, 6H), 1.26 (t,J= 7.0 Hz, 3H) ppm. '*C NMR (100 MHz, DMSO-
ds) 0 165.8, 163.1, 160.8, 146.7, 140.0, 115.6, 103.2, 102.1, 91.0, 61.8, 55.8, 55.6, 51.4,
14.0 ppm; Anal. Calc. for C17H21NsOs: C, 54.39; H, 5.64; N, 18.66; Found: C, 54.42; H,

5.59; N, 18.61.

Ethyl 5-amino-7-(3,4,5-trimethoxyphenyl)-4,7-dihydro-[1,2,4]triazolo[ 1,5-a]-
pyrimidine-6-carboxylate (2i)

0.157 g of white solid (84%), m. p. 211-212°C; '"H NMR (400 MHz, DMSO-ds)
0 8.62 (s, 2H), 8.27 (s, 1H), 6.66 (s, 1H), 6.43 (s, 2H), 5.61 (s, 1H), 4.29 (q, J = 7.0 Hz,
2H), 3.82 (s, 3H), 3.80 (s, 6H), 1.28 (t,J= 7.0 Hz, 3H) ppm. *C NMR (100 MHz, DMSO-
ds) 8 167.4, 165.8, 160.8, 141.7, 130.0, 105.6, 102.1, 91.0, 62.0, 55.8, 51.4, 14.0 ppm;
Anal. Calc. for C17H21NsOs: C, 54.39; H, 5.64; N, 18.66; Found: C, 54.41; H, 5.57; N,

18.69.
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Ethyl 5-amino-7-(4-(dimethylamino)phenyl)-4,7-dihydro-[ 1,2,4]triazolo[ 1,5-a]-
pyrimidine -6-carboxylate (2j)

0.119 g of yellow solid (73%), m. p. 181-182°C; 'H NMR (400 MHz, DMSO-ds)
0 8.36 (s, 2H), 8.06 (s, 1H), 7.92 (d, J = 9.0 Hz, 2H), 6.81 (d, J = 9.0 Hz, 2H), 6.27 (s,
1H), 5.21 (s, 1H), 4.24 (q, J = 7.0 Hz, 2H), 3.05 (s, 6H), 1.25 (t,J = 7.0 Hz, 3H) ppm. 1*C
NMR (100 MHz, DMSO-ds) & 163.4, 154.1, 153.7, 137.2, 133.7, 118.3, 117.5, 111.6,
92.0,61.4,52.6,40.1, 14.1 ppm; Anal. Calc. for C17H21N50s: C, 58.52; H, 6.14; N, 25.59;

Found: C, 58.48; H, 6.1

5.3 Results and Discussion

5.3.1 More characterization and correction of the chemical structure

Chlorosulfonic acid has been used as an alternative sulfonating agent of organic
compounds after sulfuric acid and sulfur trioxide (Qureshi et al, 2009; Bakker et al, 1999;
Janosik et al, 2006; Guan et al, 2005). Chlorosulfonic acid was applied as a catalyst
(Shitole et al, 2016; Kotharkar et al 2006) and an electrophilic olefin cyclization agent in
the organic reactions (Linares et al, 2003). It was also used to improve the catalytic

activity of various catalysts (Zhang et al 2014; Yadav et al, 2004).

The treatment of 4,4’ -trimethylene-dipiperidine [TMDP] with two equivalents of
neat chlorosulfonic acid afforded a low-viscous ionic liquid, which was reported and
characterized. In continuing our study on the solvent and catalyst activity of new ionic
liquid, we decided to investigate two possible functions of chlorosulfonic acid in the
reaction with TMDP as a strong acid or sulfonating agent (Figure 5.1). The nucleophilic
attack of the nitrogen atom of the piperidine rings of TMDP to the central atom of

chlorosulfonic acid seems unlikely due to more steric hindrance of the sulfur atom by
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chlorine and oxygen atoms. Therefore, we proposed two possible structures for new ionic
liquid; the chlorosulfonic acid can act as a sulfonating agent or strong acid, which leads
to structure (I) or (II), respectively. Further studies were performed to elucidate the
correct structure of new ionic liquid by the detailed 'H,'H-COSY, Mass, FTIR, and

Raman spectra analyses.

Figure 5.1: Two possible structure of new low-viscous ionic liquid.

In the "H NMR spectrum of new ionic liquid, two relatively broadened pseudo-
singlets centered at 8.46 and 8.17 ppm were attributed to the acidic hydrogen of
piperidinium rings (see Figure A.33). Due to the magnetic anisotropy of piperidinium
ring bonds for chair conformation, the chemical shifts at 8.46 were assigned to the acidic
hydrogens at the equatorial position, and the axial counterparts were displayed at 8.17
ppm (Belhocine et al, 2015). The lower field position of these acidic hydrogens relative
to that of TMDP indicated that they are not involved in a strong intramolecular hydrogen
bonding. As shown in Figure 3, peaks at 8.46 and 8.17 disappeared entirely in DO due

to hydrogen exchange with the deuterium of heavy water.

51



CHAPTER FIVE Article 3

A double at 3.22 ppm with a J coupling of 12.4 Hz was assigned to the equatorial
hydrogens (Heq) of C-2, C-2°, C-6, and C-6’ and their axial counterpart (Hax) appeared as
an apparent quartet at 2.82 ppm with a J coupling of 12.4 Hz. The Heq of C-3, C-3°, C5,
and C-5" with a J coupling of 11.3 Hz were detected at 1.77 ppm as an apparent doublet.
The Hax of C-4 and C-4’ was seen at 1.53 — 1.46 ppm as a broadened multiplet, and
another multiplet at 1.28 — 1.17 pm was assigned to the Hax of C-3, C-3°, C-5 and C-5’
together with six protons of the three-carbon spacer. The {H NMR spectrum of
[TMDPH,]**2[CISOs] showed the presence of water as two peaks, a singlet at 3.93 ppm
corresponding to H>O and triplet at 7.12 ppm in DMSO-ds corresponding to hydrogen
coupling with '*N nucleus with a coupling constant of 51.1 Hz. This observation proved
that the exchange rate between H>O and HDO is slow on the NMR timescale for this

ionic compound in DMSO-ds (See Figure A.34) (Table 5.1).

Table 5.1: The structure data of [TMDPH2]*"2[CISOs]" in DMSO-g.

Atom oH (ppm) J (Hz) dc (ppm)
NH(eq) 8.46 be s -
NH"(ax) 8.17 brs -

CH-2, CH-2’, CH-6, and CH-6’(eq) 3.22 d, 12.4 43.5
CH-2, CH-2’, CH-6, and CH-6’(ax)  2.82 q,12.4 43.5
CH-3, CH-3’, CH-5, and CH-5’(eq) 1.77 d, 11.3 28.5
CH-3, CH-3’, CH-5, and CH-5’(ax)  1.28-1.17 m 28.5
CH-4 and CH-4’ 1.52-1.45 m 35.6
CHz-a 1.28-1.17 m 32.9
CHz-B 1.28-1.17 m 22.7
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As seen in 'H,"H-COSY spectra of [TMDPH,]**2[CISOs] (See Figure 5.4), the
signals at 8.48 and 8.17 ppm exhibited the correlations with themselves and Heq and Hax
of C2, C2’, C6, C6’ at 3.22 ppm and 2.82 ppm. In our previous work, weak signals were
assigned to the correlations of acidic protons of N-SOsH moieties with Hax and Heq of C2,
C2’, C6, C6’ and acidic hydrogen of the piperidinium rings, while they could not be
strongly correlated through five bonds bearing oxygen, sulfur, and nitrogen atoms (Figure

A35).

Figure 5.2: Illustrated 'H,'H-COSY correlation in the 4,4’-trimethylene-N,N -
dipiperidinium chlorosulfonate [TMDPH,]**2[CISO3] and
[TMDP(SOsH),]*" 2CI".

The tetrahedral structure of chlorosulfonate anion (CLSO3") belongs to the Csy
point group, and it should show six Raman and FTIR active vibration modes including
three symmetric vibrations viz. symmetric vibrations: an SO3 symmetric stretch, an S-Cl
stretch, an SOz symmetric bend, and three asymmetric vibrations e.g., an SO3 asymmetric
stretch, an S-Cl wag (or CISO; deformation), and an SO3 asymmetric bend. The current
assignments and those of previous reports are given in Table 2. The FTIR data of
[TMDPH,]*"2[CISOs]" are similar to the Waddington and Klanberg data of
[MesN][CISOs] (See Figure 5.3). The lowest bands in the Raman spectrum of new ionic

1

liquid were found at 440 and 193 cm™ which are assigned to S-CI stretch and wag,

respectively (See Figure 5.4).
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Table 5.2: The assignment of the symmetric and asymmetric vibrations of the

chlorosulfonate anion.

Approximate Frequency (¢cm-1) in Raman and FTIR
description W Paul Gillespie Ciruna  Steger Stufkens Our work
[23] [26] [27] 28] [29] [30]
W Raman FTIR Raman
500 cm-1) (3200-100
cm-1)
SO;3 sym. 1044 1044 1050 1035 - 1062 1042 1044 1040
stretch 1077
S-Cl stretch 535 562 416 376 — 392 381 488 440
417
SO; sym. bend 565 540 535 529 - 600, 601 610 799
554 640
SO3 asym. 1275 1250 1195 1240 — 1250 - 1300 1320 1255
Stretch 1270 1312
SOs3 asym. bend 585 580 585 566 — 531 - 553 578 581
599 559
S-Cl wag (or - - 220 229 — 220 312 - 193
CISO:s 251
deformation)

Figure 5.3: The FTIR spectrum of [TMDPH,]*"2[CISOs]
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Figure 5.4: The Raman spectrum of [TMDPH,]**2[CISO3]

The mass spectrum of [TMDPH,]**2[CISOs] showed [TMDPH]" at m/z 211.2169
in positive mode by LC-ESI-MS analysis. Based on the mentioned spectra analysis
results, we indicated that the nucleophilic attach of the nitrogen atom of the piperazine
rings of TMDP to the central atom of chlorosulfonic acid seems unlikely due to more
steric hindrance of the sulfur atom by chlorine and oxygen atoms. Thus, chlorosulfonic
acid could not act as a sulfonating agent in the reaction with secondary amines like
TMDP, i.e., TMDP and chlorosulfonic acid as a weak base and strong acid, respectively,
participate in an acid-base reaction to form [TMDPH,]**2[CISOs]. Further studies are
conducting in our group for the synthesis of the other pure organic chlorosulfonate salts

and the investigation of the FTIR and Raman spectra.

5.3.2 Synthesis of 3-amino-1,2,4-triazole using [TMDPH:2]>*2[CISOs3]" as dual

solvent-catalyst

Initially, the condensation of the 4-chlorobenzaldehyde (1a), ethyl cyanoacetate, and 3-
amino-1,2,4-triazole were chosen as a model reaction. A few spots were detected on TLC
together with aldehyde spot when the model reactants were stirred in ethanol as solvent

at room temperature for 2 h (Table 5.3, entry 1). Then, a catalytic amount of
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[TMDPH:]**2[CISO;] was added to the reaction in ethanol at room temperature which
showed complete convertion and ethyl 5-amino-7-(4-chlorophenyl)-4,7-dihydro-
[1,2,4]triazole[ 1,5-a]pyrimidine-6-carboxylate (2a) was isolated in 62% yield after
workup and recrystallization from hot ethanol (Table 5.3, entry 2). A notable
improvement was observed when the amount of [TMDPH2]**2[CISO;]” was increased

(Table 5.3, entry 3).

Table 5.3: Optimization of the synthesis of ethyl 5-amino-7-(4-chlorophenyl)-4,7-
dihydro--[1,2,4]triazole[ 1,5-a]pyrimidine-6-carboxylate.?

Entry Amount of Solvent  Reaction Yield (%)
[TMDPH:]*[CISO3 ]2 time (h)
(mL)

1 0.0 EtOH 2.0 Mixture of products and

incomplete convertion

2 0.2 EtOH 2.0 62

3 0.4 EtOH 2.0 86

4 0.4 Neat 2.0 86

5 0.8 Neat 2.0 92¢

6 0.8 Neat 1.0 74

7 0.8 Neat 1.5 88

8 0.8 Di. water 4.0 64

? Reaction conditions: 4-chlorobenzaldehyde (1a) (70.3 mg, 0.5 mmol), ethyl
cyanoacetate (0.053 mL, 0.5 mmol), and 3-amino-1,2,4-triazole (42.0 g, 0.5 mmol),
solvent (1.0 mL), room temperature.

® Isolated yield.

¢ The chosen optimal conditions.

No change in yield was observed when the reaction was conducted in the absence
of ethanol (Table 5.3, entry 4). Therefore, the model reaction was carried out in the

presence of [TMDPH2]**2[CISOs]" as a catalyst and the reaction medium, which led in a
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92% yield after 2 h (Table 5.3, entry 5). The shorter reaction times results in lower yields
of the desired product (Table 5.3, entries 6 and 7). A significant increase in yield was
observed even after longer reaction time when the model reaction was performed in water
as a solvent, which can be probably due to limited solubility of reactants in the aqueous
medium (Table 5.3, entry 8). Based on the results mentioned above, we selected entry 5

in Table 3 as the best experimental conditions.

The substrate scope of the current application of [TMDPH,]*"2[CISO;] as dual
solvent-catalyst was demonstrated for the preparation of 5-amino-7-(4-chlorophenyl)-
4,7-dihydro--[1,2,4]triazole[ 1,5-a]pyrimidine-6-carboxylate through the condensation of
various substituted aromatic aldehydes 1 (a-j), ethyl cyanoacetate, and 3-amino-1,2,4-

triazole under optimized reaction conditions (Figure 5.5).

Figure 5.5: Synthesis of 5-amino-7-(4-chlorophenyl)-4,7-dihydro-[1,2,4]triazole[1,5-

a]pyrimidine-6-carboxylate under optimized reaction conditions.

A variety of aromatic aldehydes bearing electron-withdrawing or —donating
substituents were examined under optimized reaction conditions. The functional groups
such as methoxy, nitro, and halides were tolerated without the formation of any by-
products (Table 5.4). The nature and position of substituents on the aromatic aldehydes
showed a significant influence on the yields and reaction times. The electron-withdrawing

groups gave a higher yield within shorter reaction times than electron-donating
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substituents in identical positions (Table 5.4, entries 1-4 and 10). The aromatic aldehydes
with electron-withdrawing groups at the para-position afforded higher yield than
electron-donating groups at the same position (Table 5.4, entries 1-3, 5, 7-9).
Furthermore, the substituents at the para-position of the aromatic aldehydes gave higher
yields than the same substituents at the meta- or ortho- positions (Table 5.4, entries 3-6).
4-(dimethylamino)benzaldehyde afforded a low yield (73%) under optimal conditions
that could be attributed to the inductive and resonance effect of the dimethylamino group
(Table 5.4, entry 10). All products were characterized by melting point, 'H and '*C NMR

spectra, and elemental analysis.

Table 5.4: The one-pot multicomponent synthesis of triazolo [1,5-a]pyrimidines in the

presence of [TMDPH]**2[CISO3] under optimized reaction conditions.?

Entry Aldehydes 1(a-j) Triazolo [1,5- Reaction  Yield Melting

alpyrimidines time (min) (%)®  point (°C)

1 1a, 4-C1-CsHy" 3a 120 92 190-191
2 1b, 4-Br-CsHy™ 3b 120 91 184-185
3 1c, 4-NO»-CeHy 3¢ 105 94 197-198
4 1d, 2-NO»-CeHy 3d 120 83 183-184
5 1e, 4-(CH;0)-CsHa™ 3e 135 86 187-188
6 1f, 2-(CH30)-CsHy™ 3f 135 80  205-206
7 1g, 3,4-(CH;0)-CsH3" 3g 120 85 190-191
8 1h,2,4,6-(CH;0)3-1a,C¢Hy  3h 150 80  206-207
9 1i, 3,4,5-(CH30)3-CoHy" 3i 120 84 211212
10 1j, 4-(CH3)N-CeHy 3 150 73 181-182

? Reaction conditions: various aldehydes 1 (a-j) (0.5 mmol), ethyl cyanoacetate (0.5
mmol), 3-amino-1,2,4-triazole (0.5 mmol), [TMDPH>]*2[CISOs]" (0.8 mL), room
temperature.

® Isolated yield.
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Above mentioned results demonstrates the dual solvent-catalyst efficiency of
[TMDPH:]**2[CISO;] for the synthesis of triazolo [1,5-a]pyrimidines as a typical one-
pot multicomponent reaction. Also, a large-scale experiment was studied by the
condensation 7.0 g of 4-chlorobenzaldehyde with ethyl cyanoacetate and 3-amino-1,2,4-
triazole in 5 mL of [TMDPH,]*>"2[CISOs]" under optimized reaction conditions. The

desired product 3a was isolated in 92% yield after 2 h.

5.3.3 Easy separation and recyclability of [TMDPH:]**2[CISOs]

The products were separated via extraction by ethyl acetate after completion of the
reaction. The extractions were combined and dried over anhydrous Na>SO4. The ethyl
acetate was evaporated at a reduced pressure by the rotary evaporator, which gave the
pure products in 73-92% yield. The residue IL was also dried into an oven at 50 °C for 4
h and used in the next runs. The yields and reaction times of 2a were range 92-88% and
120-130 min, respectively, when the model reaction was conducted by the recovered IL

for five runs (Figure 5.6).

93
92
91
90

89

Isolated yield (%)

88

87

86
FRESH 1 2 3 4 5
Run

Figure 5.6: Catalytic efficiency of the recycled [TMDPH,]*"2[CISOs]
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5.4 Conclusion

In conclusion, the chemical structure of novel bis-core dicationic TMDP salt-containing
chlorosulfoate counterion was elucidated by 1D NMR and COSY analysis. Further
supports of the corrected stricture were obtained by the detailed FTIR and Raman
analysis. The lowest bands in the Raman spectrum of new ionic liquid were found at 440
and 193 cm™, which are assigned to S-CI stretch and wag, respectively. Our results
showed that the nucleophilic attach of the nitrogen atom of the piperidine rings of TMDP
to the central atom of chlorosulfonic acid seems unlikely due to more steric hindrance of
the sulfur atom by chlorine and oxygen atoms.; thus, the TMDP and chlorosulfonic acid
participate in an acid-base reaction to form [TMDPH,]**2[CISOs]. Furthermore,
[TMDPH:]**2[CISO;3] was employed to promote the one-pot three-component reaction
under mild conditions, which afforded the desired products in 73-94% isolated yield
within 120-150 min. the current work approved the dual solvent-catalyst efficiency of
[TMDPH:]**2[CISO3] as a recyclable ionic liquid. Furthermore, the current protocol has
the advantages such as simple experimental and sustainable procedure, high yield of the
desired products within short reaction times at room temperature; avoid the use of toxic
and volatile organic solvents, simple workup, and recyclability of IL which all as
mentioned merits will cause to minimize the generation of heavy metal and corrosive
waste. A new application of [TMDPH,]*"2[CISOs]" in the one-pot multicomponent
reactions as dual solvent-catalyst has highlighted the importance of low viscous binuclear
ionic liquids in organic synthesis and we hope that further research in new applications

of [TMDPH,]**2[CISOs] will be presented in future with promising results.
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CHAPTER SIX

ARTICLE 4

SYNTHESIS, CHARACTERISATION, AND DETERMINATION OF
PHYSICAL PROPERTIES OF NEW TWO-PROTONIC ACID IONIC LIQUID

AND ITS CATALYTIC APPLICATION IN THE ESTERIFICATION

6.1 Introduction

Catalysis is a vital topic in organic chemistry, and has been employed in a broad range of
sectors, products, and processes. The current trend in catalysis research is to design
greener catalysts and eco-friendly technologies, as well as directing the activities towards
sustainability and investigating the catalytic activity under realistic conditions regarding

temperature and pressure.

Natural and synthetic esters have been utilized in different fields, including
pharmaceuticals, perfumes, flavors, cosmetics, adhesives, detergents, solvents,
plasticizers, lubricants, electron materials, and daily and fine chemicals, etc. Low
molecular mass esters have been widely found in fragrances and essential oils and

pheromones (Kartika et al, 2004).

The carboxylic acid esters can be synthesized using various chemical reactants,
catalysts, and reaction media. Although numerous papers have appeared for the
esterification reaction, the development of an efficient synthesis of carboxylic acid esters

using carboxylic acids instead of acid anhydride is still an exciting research topic.
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The Fischer esterification is the conventional and most common process for the
esterification (Keogh et al, 2019). The catalytic esterification has been reported using
various catalysts (Keogh et al, 2019); nonetheless, there are some drawbacks, for example
(a) Use of excessive reagents and dehydration agents or Dean Stark apparatus,

(b) Use of expensive, toxic, or especially substrates bearing acid or base sensitive
groups,

(©) Limited substrate-scope, especially substrates bearing acid or base sensitive
groups,

(d) Use of an activated carboxylic acid together with a stoichiometric base,

(e) The generation of a large amount of waste during the process,

63 Use of non-recyclable catalysts and inactivation of catalytic sites, and

(2) A tedious process for the preparation of catalysts, and the separation and

purification of products.

Therefore, it is required to develop an efficient and greener methodology to
overcome some drawbacks and achieve a suitable balance between the economic and
ecological aspects of production. Due to the outstanding properties of ionic liquids (ILs),
such as thermal and chemical stability, low vapor pressure, and recoverability, they have
been extensively employed as an eco-friendly solvent and/or catalyst in a variety of
reactions, such as esterification (Hernandes et al, 2015; Hallett et al, 2011; Przypis et al,
2020; Matuszek et al, 2014; Ciappe et al, 2013). In continuing our previous works on
4,4’-trimethylenedipiperidine (TMDP) (Khaligh et al, 2019), the synthesis of a new IL
was designed and carried out through stirring TMDP and sulfuric acid (98%) in CH2Cls.
The chemical structure of the new ionic liquid ((TMDPH:][SO4]) was characterized by
FT-IR, 1D NMR, 2D NMR, and mass analysis. The existence of a sulfate anion, instead

of hydrogen sulfate, was evidenced by detailed "H NMR analyses. The physical properties
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of the new IL have been determined and are reported herein. The catalytic activity of the
new IL was studied for the direct esterification of various carboxylic acids and alcohols

under obtained optimal reaction conditions.

6.2 Methodology

6.2.1 Material and Method

General materials, characterizations and methodology refers to 3.2.1.

6.2.2 Synthesis of [TMDPH:]**[SO4]*

A flask containing a solution of 4,4’trimethylene-dipiperidine (4.21 g, 20 mmol) in dry
CHCl> (20 mL) was cooled to a low temperature by an ice bath. Sulfuric acid (98%,
1.840 gmL™) (1.1 mL, ~20 mmol) was added drop wise to the solution at low temperature
(ice bath). Two phases were formed after stirring at room temperature overnight. The
upper phase was removed by decantation, and the pale-yellow sticky residue was washed
with CH2CL (3 x 10 mL). After evaporation of excess solvent under reduced pressure,
the resulting IL. was obtained as a pale-yellow sticky solid. The IL could be crystallized

from methanol.

6.2.3 Typical Esterification Procedure

Glacial acetic acid (0.60 g, 0.572 mL, 10 mmol), n-butanol (9.694 g) 11.968 mL, 13
mmol), [TMDPH>]*[SO4]* (0.308 g, 1.0 mmol), and cyclohexane (1.157 g, 15 mL) were
taken into a 25 mL three necked flask. The flask was equipped with a manifold and a
condenser. After an appropriate reaction time (4h), a liquid bi-phase formed in the flask.

The liquid phase [TMDPH,]*"[SO4]* was isolated after removing the product and water
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by separating funnel and drying in a vacuum oven at 50 °C overnight before being tested

for reusability.

6.2.4 Esterification of a-TCP with Glacial Acetic Acid

a-tocopherol (0-TCP) (20 mmol), glacial acetic acid (30 mmol), and [TMDPH,]*"[SO4]*
(0.616 g) were mixed and stirred at 60 °C under N> atmosphere for 2 h in a 100 mL round
bottom flask covered with tin foil. Liquid chromatography-mass spectrometry was
utilized to determine the purity and yield of O-acetyl-a-tocopherol (Ac-TCP) using
vitamin E acetate (96% Sigma-Aldrich) as an external standard. The identification of Ac-
TCP was performed by comparison of its NMR data with the reference compound (Baker
etal, 1991). The yield of Ac-TCP was also calculated based on a reported equation in the

literature (Mihankhah et al, 2018).

6.3 Results and Discussion

6.3.1 Synthesis and the Structure Elucidation of New lonic Liquid

TMDP was treated with one and two equivalent(s) of sulfuric acid to investigate the two
possible chemical structures of the new IL that could be formed by an acid-base reaction
of TMDP bearing two piperidine rings and sulfuric acid as a two-protonic acid (Figure

6.1).
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Figure 6.1: The proposed chemical structures for the new ionic liquid

Drop wise addition of two equivalents of sulfuric acid (98%) into a solution of
TMDP in dichloromethane in an ice-bath and then stirring the mixture at room
temperature overnight afforded a pale yellow sticky solid. The pale yellow crystals were
obtained from methanol through crystallization (mp 74-75 °C) (see Figure 6.2). Further
studies, including FT-IR, 1D and 2D NMR, and mass spectrometry, were conducted to

fond the chemical structure of the new IL.

Figure 6.2: The image of 4,4 trimethylene-N,N’-dipiperidine sulfate
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The '"H NMR spectrum of new IL showed two pseudo-singlet peaks at 8.46 and
8.17 ppm. Regarding the magnetic anisotropy of the chair conformation of two
piperidium rings, these protons were attributed to the protons at the equatorial and axial
positions of >NH:", respectively (see Figure A.36) (Belhocine et al, 2015). The presence
of acidic protons on nitrogen atoms at a downfield position showed that intramolecular
hydrogen bonding in the new IL was weakened. The chemical shift and coupling constant
of the equatorial and axial hydrogens (He; and Hay) of the two piperidinium rings as well
as protons of the three-carbon spacer are given for the new IL in DMSO-ds and D;0 in
Table 6.1. The observation of a singlet and a triplet signal at 3.63 and 7.15 ppm

corresponding to H>O and hydrogen coupling with '*N nucleus, respectively.

Table 6.1: The 1D NMR spectrum data of [TMDPH,]*"[SO4]* in DMSO-ds and D,O

HO 2“3’*4W4‘~3f’ @ _H

N @ 5 "‘N
H H
[TMDPH,]%*
Atom DMSO-ds DO
ou [ppm]  J[Hz] dc ou [ppm]  J[Hz] dc
[ppm] [ppm]
NH"(eq) 8.46 brs - - brs -
NH"(ax) 8.17 brs - - brs -
CH-2, CH-2’, CH-6, 3.23 d, 12.1 43.57 3.29 d, 12.8 44.15
and CH-6 (eq)
CH-2, CH-2’, CH-6, 2.82 dd, 11.5 43.57 2.85 td, 2.5 44.15
and CH-6 (ex) and 22.6 and 12.9
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CH-3, CH-3’, CH-5, 1.77 D, 13.2 28.57 1.83 d, 14.0 28.37
and CH-5’ (eq)
CH-3, CH-3’, CH-5, 1.26-1.18 M 28.57  1.27-1.17 m 28.37

and CH-5’ (ex)

CH-4 and CH-4’ 1.53-1.43 M 35.64 1.53-1.46 m 34.97
CHz-a 1.26-1.18 M 32.95 1.27-1.17 m 32.76
CHx-p 1.26-1.18 M 22776 1.27-1.17 m 22.29

As one can see in Figure A.37, the protons of >NH," disappeared in D,O due to
fast hydrogen exchange with the deuterium of D20. The carbons of new IL are detected
at 43.57, 35.64, 32.95, 28.57, and 22.76 ppm and 44.15, 34.97, 32.76, 28.37, 22.29 ppm
in DMSO-ds and DO, respectively (see Figure A.38 and A.39). The 2D COSY spectra
of new IL displayed correlations between the acidic protons of NH>" at 8.46 and 8.17 ppm
with the equatorial and axial protons of C2, C2’, C6, C6’ at 3.23 and 2.82 ppm,
respectively (see Figure A.40). The reaction of TMDP and sulfuric acid was also carried
out in CH2CL: at a ratio of 1:1 at room temperature overnight, which gave a white solid.
The 'H and *C NMR spectra of the TMDP and sulfuric acid at a ratio of 11:1 were
recorded in DMSO-ds One and two equivalent(s) of sulfuric acid (98%) was then directly
added to the NMR tube containing TMDP and sulfuric acid at a ratio of 1 : 1 in DMSO-

ds, and 'H NMR spectra were recorded.

The single peak of water at 3.92 ppm moved to the downfield region, and a
broadened multiplet and singlet signal were observed at 4.45 — 4.43 and 6.96 ppm,
respectively. The '3C NMR spectra showed negligible shifts before and after adding

sulfuric acid. The "H NMR spectrum of sulfuric acid was also investigated, which showed
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a relatively sharp singlet at 7.13 ppm in DMSO-ds. The 'H NMR spectrum of new IL did
not show any peaks at a region of 4.38 — 5.25. Moreover, no sharp or broadened peak was
detected at a range of 4.0 to 8.5 ppm and above 9.5 ppm. Therefore, the existence of
excess sulfuric acid or formation of an acidic anion, namely hydrogen sulfate, could be

excluded.

The infrared spectrum of new IL is shown in Figure 6.3. The broadened peak at
3407 cm™! can be attributed to the N-H vibration mode at the >NH," groups. Two bands
at 3034, 2923, and 1321 cm™! were assigned to the symmetric, antisymmetric stretching
vibrational, and wagging mode of methylene groups in the piperidinium rings,
respectively. All absorption peaks at a range of 2848 to 2524 cm™! were assigned to the
N-H stretching band and their shift towards this region are probably due to the strong
interactions between >NH," and the sulfate anion through hydrogen bonding (Heacock et
al, 1956). The deformation vibration modes of >NH," at 1616 and 1462 cm™ are
characteristic of secondary amine salts (Heacock et al, 1956). The asymmetric and
symmetric SO; stretching vibrations appeared at 1215, 1151, and 1029 cm, respectively.
The sharp bands at 877 and 577 sm™!, as well as a medium band at 487 cm™!, were assigned

to the S-O stretching modes and SO; bending, respectively (Erben et al, 2003).
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Figure 6.3: FTIR of new ionic liquid (neat).

Electrospray ionization-mass spectrometry (ESI-MS) analyses in the negative and
positive ionization modes were conducted on the sample. Both negative and positive ion
modes of analysis have sensitive and good spectra data. The positive ionization spectrum
of the new IL recorded prominent [M + EtOH + NH4]" and [M + EtOH + CO» + NH4]"
peaks (where M corresponds to TMDP) at m/z 274.2753 and 318.3014, respectively (see
Figure 6.4-A). Moreover, the negative ionization spectrum of the new IL displayed a

weak ion at m/z 339.2005 assigned to [M + H + SO4 + CH30H] (see Figure 6.4-B).

The found masses were recorded from LC-ESI-MS. The LC-MS results showed
the presence of solvent and background gases and cations, such as m/z 32 = [CH30H] ",
46 = [CH3CH,OH]"", m/z 28 = [CO]"", and m/z 44 = [CO2]"", 18 = [NH4]" which exist

often inside the mass spectrometer together with the anion and cation peaks.
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Table 6.2: The calculated LC-ESI-MS data

Cation or anion species Calcd. Found Error
(%)

[M + EtOH + NH4]" 318.2757 318.3014 0.008

[M + EtOH + CO; + 274.2858 274.2753 0.004

NH4]*

[M +H + S04+ CH30H]  339.1954 339.2005 0.002

Based on our results, structure II was demonstrated for the new IL evidencing it
to be [TMDPH,]**[SO4]*, and indicated that complete deprotonation of the sulfuric acid

likely occurs by TMDP under our reaction conditions.

6.3.2 Physical Properties of [TMDPH:2]**[SO4]*

The bulk amount of [TMDPH]**[SO4]* could be liquefied at ~110 °C in an oil bath (mp
74-75 °C). The ionic conduction value (c) of new IL was 1.82 £ 0.04 mS sm™ at 85 °C.
The total water content of [TMDPH]*'[SO4]*" was determined 0.18 = 0.02 wt-% under
ambient humidity and temperature. Although [TMDPH,]*'[SO4]*" was soluble in water,
dimethyl sulfoxide, methanol, and acetic acid, it was immiscible with ethanol,
acetonitrile, ethyl acetate, acetone, chloroform, dichloromethane, and n-hexane at room

temperature.

6.3.3 Thermal Behaviour of [TMDPH2]**[SO4]*

The thermal behavior of [TMDPH,]*"[SO4]* was investigated by a differential scanning
calorimetry (DSC) plot in two cycles over temperature ranges of 30-300 and 30-500 °C
(see Figure 6.4). DSC of pure TMDP has been previously reported in the literature
(Khaligh et al, 2019), and it displays two sharp and one broad endothermic peak centered
at 58, 110, and 332 °C. The peaks at 52.2 and 332.5 °C were attributed to the melting
point and boiling points of TMDP, respectively. The second endothermic broad peak at a
range of 76-157 °C was attributed to desorption of trapped moisture in TMDP.
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Figure 6.4: DSC of new ionic liquid at nitrogen atmosphere

Under a nitrogen atmosphere and at a range of 30-300 °C, three sharp and one
weak endothermic peak(s) were displayed on the DSC curve of [TMDPH,]*"[SO4]*, and
no exothermic peak was observed. The first sharp peak was assigned to the melting point
of the IL which began at 85.2 °C and ended at 111.7 °C with a latent heat of fusion of
140.8 J g1, which was in good agreement with the obtained melting point achieved using
an open capillary tube in a Buchi B545 apparatus (mp 74-75 °C). The second endothermic
sharp peak was observed in the range 131.3-175.5 °C centred at 160.2 °C, which was
assigned to the boiling point decomposition of [TMDPH,]**[SO4]* due to an appreciable
loss of weight, a remarkable change in heat capacity of the sample, and an exothermic
baseline shift. The latent heat of evaporation and decomposition of the
[TMDPH,]*"[SO4]* were 276.3 and 187.0 J g, respectively. There was no exothermic
and endothermic peak in the second cycle at a range of 30-500 °C, which supports the

evaporation/decomposition of the [TMDPH,]>*[SO4]* below 300 °C in the first cycle.
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Moreover, the thermal stability of [TMDPH,]*"[SOs]> was studied in a
temperature range from 30 to 800 °C wunder a nitrogen atmosphere through

thermogravimetric analysis/differential thermal analysis (TGA/DTA) (see Figure 6.5).

Figure 6.5. TGA/DTA of new ionic liquid at nitrogen atmosphere

Three peaks were observed on the DTA curve, and [TMDPH,]**[SO4]*" started to
decomposed at 270 °C, which was in good agreement with the result of DSC. The thermal
decomposition was mainly completed at 450 °C. The first peak was observed below 200
°C with a maximum mass loss of 6.1 %; this loss was related to the removal and
evaporation of the trapped and adsorbed moisture in [TMDPH2]**[SO4]*. The second and
third peaks showed a maximum mass loss of 31.5 and 34.4 % at 250-290 and 290-330
°C, respectively, which were related to the total decomposition of [TMDPH2]**[SO4]*.
The DSC and TGA/DTA results showed that [TMDPH2]**[SO4]* is thermally stable up
to 270 °C, probably owing to the strong electrostatic attractions between the piperidinium

cations and the sulfate anion in the structure of the [TMDPH,]**[SO4]*.
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6.3.4 Esterification of Alcohols and Glacial Acetic Acid Using [TMDPH:|**[SO4]*

as a Catalyst

Initially, the esterification of n-butanol (1e) and acetic acid was chosen as a model
reaction. The influence of four parameters, including the amount of [TMDPH,]**[SO4]*,
the ratio of n-butanol to acetic acid, temperature, and reaction time were studied to find
the optimized reaction conditions. As the results show in Table 6.3, the yield of
esterification increased with an increase in the catalyst loading, and the highest yield was
observed with 10 mol-% of the catalyst (Table 6.3, entries 1-4). The most effective molar
ratio of n-butanol to glacial acetic acid was 1.3 at 60 °C within 4 h (Table 6.3, entries 5-

8).

A significant improvement in the yield was observed when the model reaction
was carried out at higher temperatures up to 90 °C; however, no change occurred in yield
at a higher temperature (100 °C) (Table 6.2, entries 9-12). A shorter or longer reaction
time of about 4 h resulted in lower yields of the desired product (Table 6.3, entries 13-
15), which can probably be due to the reversibility of the esterification process. Based on
our results, entry 11 in Table 6.3 was selected as the best experimental conditions, i.e., 10
mol-% catalyst, 1.3 : 1.0 molar ratio of n-butanol to acetic acid, 85 °C, and 4 h reaction

time.
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Table 6.3: Optimization of the esterification of n-butanol and glacial acetic acid

Entry [TMDPH:J*[SO4* Molar ratio of n- Temp. Reaction  Yield®
[mol-%] butanol to acetic acid [°C] time [h] [%]
1 - 1.0:1.0 60 4.0 12
2 5 1.0:1.0 60 4.0 34
3 10 1.0:1.0 60 4.0 42
4 15 1.0:1.0 60 4.0 42
5 10 1.1:1.0 60 4.0 52
6 10 1.2:1.0 60 4.0 58
7 10 1.3:1.0 60 4.0 68
8 10 14:1.0 60 4.0 68
9 10 1.3:1.0 65 4.0 72
10 10 1.3:1.0 75 4.0 78
118 10 1.3:1.0 85 4.0 88
12 10 1.3:1.0 100 4.0 88
13 1.0 1.3:1.0 85 2.0 54
14 1.0 1.3:1.0 85 6.0 81
15 1.0 1.3:1.0 85 8.0 75

AGC yield,

BThe chosen optimal conditions.

74



CHAPTER SIX Article 4

The catalytic activity of [TMDPH2]*'[SO4]* was demonstrated for the

esterification of other alcohols and glacial acetic acid under optimized reaction conditions

(Figure 6.6).
O 2+ 2- O
JL [TMDPHo* T30, (10 maol%) J—L\
R—0OH + HE_C OH H3C D#R
cyclohexane, 85°C, 4h
1(a-v) 2{a-h)

GC-MS yield 62-85%

Figure 6.6: Esterification of various alcohols and glacial acetic acid in the presence of
[TMDPH,]**[SO4]*.

A variety of alcohols were treated with acetic acid under optimized reaction
conditions (Table 6.4). The results showed that the primary alcohols gave higher yields
than secondary alcohols, which afforded a slightly higher yield hat tertiary alcohols,
which can be attributed to the acidity of alcohol (Table 6.4, entries 1-14). Moreover,
competitive dehydration was observed for the secondary and tertiary alcohols under
optimized reaction conditions (Table 6.4, entries 10-14). The substituents at the ortho-
position of the benzyl alcohols gave lower yields of acetate esters than the same
substituents at the para-position, which is probably due to the steric effect of the
substituents (Table 6.4, entries 15-22), as well as the hydrogen bond formation between
—NO:> and —Cl and the hydroxyl group of the benzyl alcohols (Table 6.4, entries 21 and

22).

We obtained the optimal molar ratio of n-butanol to acetic acid is 1.3:1.0 in
Table 6.3 at 85 °C for four hours, and we used same ratio for alcohol and HOAc viz.

alcohol (0.13 mmol) and glacial acetic acid (0.1 mmol) in Table 6.4.
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Table 6.4: Esterification of various alcohols and glacial acetic acid in the presence of
[TMDPH,]*"[SO4]* under optimized reaction conditions

Entry®  Alcohol 1(a-v) Ester 4(a-v) Temp. (°C) Yield (%)°
1 CH;0OH 4a 75 82+2
2 CH3CH,OH 4b 85 85+2
3 CH3;CH.CH,OH 4c 85 88+3
4 (CH3).CHOH 4d 85 85+2
5 CH;CH2CH2CH20OH 4e 85 88+ 3
6 (CH3),CHCH,OH 4f 85 80+ 1
7 CH3;CH2CH2CH,CH20H 4g 85 85+2
9 (CH3).CHCH>CH>OH 4h 85 82+2
10 OH 4i 85 75+3

<X

11 4j 85 72+ 1
; LOH
12 4k 85 70 + 1
H
OH
13 OH 41 85 76 +2

Q
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14 4m 85 62+3
OH
15 4-MeO-CsHy-CH,OH 4n 75 82+2
16 4-Me-CsHs-CH,0H 40 75 83+ 1
17 4-NO,-CHs-CH,0H 4p 75 85+3
18 4-C1-CH4-CHOH 4q 75 83+2
19 2-MeO-CsHs-CH2OH 4r 75 78 £2
20 2-Me-CsHs-CH,0H 4s 75 76 + 1
21 2-NO,-CHs-CH,0H 4t 75 74+ 1
22 2-C1-CsHs-CHOH 4v 75 75+ 1

AReaction conditions: alcohol la-v (0.13 mmol), glacial acetic acid (0.1 mmol),
cyclohexane (1.5 mL), [TMDPH2]*[SO4]* 0.01 mmol), temperature (85 °C), reaction
time (4 h).

BGC-MS yield. The esterification reactions were carried out in triplicate and conducted
at least twice on separate days.

The enantioselectivity of the current protocol was investigated through the
reaction of glacial acetic acid with (-)-methanol ([a]p -50 £ 1°, ¢ 10% ethanol, >99% e.e)
and (+)-borneol ([a]p -37 £2°, ¢ 5% in ethanol, 99% e.e) under optimal conditions, which
gave (-)-methyl acetate ([a]p -80°, in benzene, 97% e.e) and (+)-bornyl acetate ([a]p -
41°, neat, 96% e.e) with reaction of the configuration at the chiral center in 72 and 70
yield, respectively (Table 6.4, entries 11 and 12). The optical rotation of the desired

acetates was recorded and reported based on samples from Sigma-Aldrich.
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According to a proposed mechanism, the glacial acetic acid is initially activated
by [TMDPH,]**[SO4]* through hydrogen bond formation (Figure 6.7). A nucleophilic
attack of the alcohol to the activated acetic acid leads to the formation of intermediate I11.
Hydrogen rearrangement and dehydration of intermediate III gives the alkyl acetate. The
dehydration step can be promoted by the hygroscopic property of [TMDPH2]*"[SO4]*.
Moreover, the cyclohexane can favor the forward reaction through extraction and

separation of the produced alkyl acetate.

Figure 6.7: A schematic reaction mechanism of the esterification in the presence of
[TMDPH2]*[SO4]*.

The reusability of [TMDPH,]**[SO4]* was also studied using the model reaction
at optimal conditions, which afforded 2e in 88-82% yield over five catalytic cycles. In
another experiment, the model reaction was monitored for a longer reaction time.
Aliquots were analyzed by gas chromatography-mass spectrometry (GC-MS) at intervals
of 1 h, while the stirring of the reaction mixture continued under optimized reaction
conditions. Complete (100%) conversion of glacial acetic acid was observed after 430 +

10 min.
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Finally, the esterification of a-tocopherol (a-TCP) was conducted to show the
potential of the current method for a scale-up application. It is well known that
tocopherols, an isoform of vitamin E, are sensitive to light and air. Their antioxidant
efficiency is rapidly reduced (Prasad et al, 2003), while their ester isoforms exhibited
moderate to good stability to light and air Torres et al, 2008). Large scale acetylation of
a-tocopherol (a-TCP) (20 mmol) with glacial acetic acid (30 mmol) was carried out using
[TMDPH,]*"[SO4]* (10 mol-%) at 60 °C, which gave 8.11 g (88.4% yield) after 4 h

incubation in the absence of light under N> atmosphere (Figure 6.9=8).

cyclohexane, 85°C, 4h

Figure 6.8: Esterification of a-tocopherol (0-TCP) with glacial acetic acid using
[TMDPH]**[SO4]*.

Very recently, our group reported the synthesis, characterization, and catalytic
application of a low viscous ionic liquid, namely 4,4’-trimethylene-N,N’-sulfonic acid-
dipiperidium chloride (TMDPS) (Khaligh et al, 2019). We investigated the structure-
activity relationship of the two ionic liquids [TMDPH,]**[SO4]* and TMDPS on the
model esterification. The model reaction was also carried out using 10 mol-% of TMDPS,
1,1’-butylenebis-(3-sulfo-3 H-imidazol-1-ium) chloride ([Im-C4-Im(SO3H).]»-Cl]), 1,1°-
butylenebis-(3-sulfo-3 H-imidazol-1-ium) dihydrogensulfate ([MIm-C4-MIm][HSO4]2),
and triethylammonium hydrogen sulfate ([TEA][HSO4]). The ILs were fabricated
according to the literature methods (Keogh et al, 2019; Khaligh et al, 2019; Baker et al,
1991). Although the five ILs can be interchanged under appropriate conditions, the ILs
that contained two sulfonic acid moieties or two acidic anions, namely hydrogen sulfate,

showed higher yields within shorter reaction times (Table 6.5, entries 1, 3, and 4). The
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anion and cation effect for [TMDPH,]*"[SO4]* and [TEA][HSO4] on the yield and rate

are negligible within experimental error in the measurements (Table 6.5, entries 2 and 5).

Table 6.5: Catalytic efficiency of five ionic liquid catalysts for the esterification of n-
butanol and glacial acetic acid

Entry®  Ionic liquid Reaction time [min] Yield® [%]
1 TMDPS 230 85+2
2 [TEA][HSO4] 240 80+2
3 [MIm-C4-MIm][HSO4]> 180 88+2
4 Im-C4-Im(SOsH)2].-Cl 200 85+2
5 [TMDPH:][SO4] 240 85+2

AReaction conditions: n-butanol (0.13 mmol), glacial acetic acid (0.1 mmol), cyclohexane
(1.5 mL), ionic liquid (0.01 mmol)
BGC-MS yield.

64 Conclusion

In conclusion, a novel bis-core dicationic TMDP salt containing a sulfate counterion was
synthesized, and its chemical structure was elucidated by FT-IR, 1D and 2D NMR, and
mass analyses. Some physical properties and thermal behavior and thermal stability of
the new IL were recorded and investigated. The structure elucidation showed that the IL
is a diprotic acid like sulfuric acid, which can be used as a safe alternative of sulfuric acid.
The catalytic activity of [TMDPH,]*"[SO4]* was employed to promote the esterification
process under mild conditions. A simple experimental and sustainable procedure, high
yield of the desired product, simple workup, and reusability of catalyst are some of the
merits of the current protocol. Another superiority of the new method is avoiding and
reducing heavy metal and corrosive waste generation. Further research is being conducted
in our group to investigate new applications of TMDP and sulfuric acid at a ratio of 1:1

and 1:2 with promising results.
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CHAPTER SEVEN

ARTICLE 5

ARENE DIAZONIUM SACCHARIN INTERMEDIATES: A GREENER AND
COST-EFFECTIVE ALTERNATIVE METHOD FOR THE PREPARATION OF

ARYL IODIDE

7.1 Introduction

In the course of our research regarding the synthesis of aromatic iodides through the
Sandmeyer reaction or its alternatives. We required an efficient, low cost, and sustainable
method for accessing relative stable arene diazonium salts. The most arene diazonium salt
are often prepared in situ due to their instability and explosive risk. It is clear that the
anion nature influence in situ generation of the arene diazonium salts (Khaligh et al,
2017), and facilitated the preparation of aryl iodides. The preparation of relative stable
benzenediazonium tetrafluoroborates was reported in ethanol using HBF4 and isoamyl
nitrite (Beckwith et al, 1987). Most of the reported chemicals and reagents are expensive,
toxic, non-biodegradable, unrecoverable, and metal-containing, so we looked for a cheap,
nontoxic, recoverable, biodegradable, and biocompatible reagent that show high

efficiency under mild conditions.

In the continuation of our previous work and application of saccharin (Khaligh et
al, 2018), we encouraged to investigate the potential of saccharin for the synthesis of aryl
iodides through in situ formation the arene diazonium saccharin salts which to the best of
our knowledge has not been presented to date. According to the current strategy, aryl
1odides are formed from diazotization of in situ generated arene diazonium salt which are
in turn formed from aniline derivatives and tert-butyl nitrite (TBN) in the presence of

saccharin. The intermediates are not isolated and purified in the current protocol which
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lead to minimizing the solvent waste, and energy efficiency is enhanced by the reaction

performance at room temperature and shorter reaction times.

7.2  Methodology

7.2.1 Material and Method

The analytical grade chemicals were provided from Merck, Sigma Aldrich, and Fluka
Chemical Companies. The chemicals were used without further purification. Products
were characterized by their physical constants such as melting point and 'H NMR
spectrum. The purity determination of the substrates and reaction monitoring were
accompanied by TLC using silica gel SIL G/UV 254 plates of colour test of azo coupling
with 2-naphthol. The 'H NMR spectra and melting points were recorded with Bruker
Avance 400 MHz instrument and Buchi B-545 apparatus in open capillary tubes,

respectively.

7.2.2 Typical procedure for the synthesis of aryl iodide

Figure 7.1: The proposed mechanisms for the preparation of aryl iodides using TBN and
saccharine.
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To a stirring mixture of glacial acetic acid (0.12 mL, 2.1 mmol) and TBN (0.30 mL, -2.3
mmol) in ethanol (10 mL), Sac-H(0.37g, 2.0 mmol) was slowly added at low temperature
(an ice bath). After 5 min, aniline derivative 1(a-1) (2.0 mmol) was added dropwise over
5 minutes into the mixture. The solvent, --BuOH, and residue TBN were removed under
reduced pressure after consuming of aniline derivatives (monitored by a color test of azo
coupling with 2-naptanol). Then, 5 mL of 4.0 M TEALI solution was added into stirring
as-obtained intermediate 2(a-1) in one portion at low temperature. After confirmation of
substrate consumption by a negative test of azo coupling with 2-naphthol, the boiling was
added to the reaction mixture (15 mL) and the aqueous layer was separated. The organic
layer was washed with eq. 10% sodium sulphite (3 x 5 mL), then dried over Na;SO4,
filtered, and dried under reduced pressure in a rotary evaporator. The purification was

conducted by flash chromatography with n-hexane-EtOAc (9:1, v/v) as eluent.

The recovery of reagents was conducted by adding the concentrated hydrochloric
acid into the aqueous layer, and the water evaporated under reduced pressure. Then, the
residue was extracted 5 times with EtOAc (5 mL), and the collected extracts were dried
over anhydrous Na;SO4 and filtrated. The evaporation of solvent afforded Sac-H in 72%
yield. The tetraecthylammonium chloride (TEAC) was isolated in a yield of 0.25 g from
the residue of the above procedure (68%). The melting points and FTIR spectra of
recovered saccharin and TEAC were identical to the authentic compound (sigma Aldrich

> 98%).
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Table 7.1. Some reported reagents and methods for the diazotization-iodination of 2-nitro

aniline 1k.?

No. mmol Nitrating Reagents conditions Time Yield Ref.
of agent (min) (%)
aryl
1 2 TBN (2.3 TFSI-H (2 EtOH:H, 110 82 Khali
mmol) mmol) 0(1:1)/0-5 °C gh
HOAc (2.1
mmol)
TEAI (2.0
mmol)
2 10 IPN (11 mmol) o—BDSI (12 Two steps: 45 92 Yu
mmol) glacial )
AcOH (60 o L
mL) TBAI 3
(10 mmol) Step 2: CH3
CN/r.t. °C
3 2 NaNO, (5 p-TsOH (6 Water-paste  20-30 72 Serjea
mmol) mmol) KI form nt
(5 mmol)
4 2 NaNO, 4 sulfonated- H2 O/r.t. 90 71 Larse
mmol) resin (5 g) n
KI (5 mmol)
5 525 resin-NO, (5.25 p-TsOH Two steps: 30 34 Weihr
2 1 h
mmol) (5 §mm0) Step 1 auc
glacial .
AcOH (8 z
(13.125 Step 2:
mmol) H2
O/r.t.
6 2 Resin-NO, (6 p-TsOH (6 H2 O/r.t. 90 91 Jakop
mmol) mmol) KI in
(5 mmol)
7 5 KNO, (20 HI (20 mmol) DMSO/35 °C 15 89 White
mmol) head
8 3 NaNO, (6 p-TsOH (9 MeCN/10-20 50 81 Rode
mmol) mmol) KI °C

(7.5 mmol)
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9 1 NaNO, (2.5 [H-NMPJHSO, Solvent- 20-30 85 Baik
mmol) (4 mmol) Nal  free/r.t.
(2.5 mmol)
10 2 NaNO, (4 Wet CSA Solvent- 12 82 Krasn
mmol) (1.5 g) KI free/r.t. okuts
(5 mmol) kaya
11 1 [P4-VP]NO, H, SO, (2 Two steps: 100 74 Hajip
(0.54 g) mmol) KI Step 1: 0-5 our
(2.5 o,
C;
mmol)
Step 2: r.t. or
60 °C
12 10 IPN (30 mmol) diiodomethane 80 °C 240 65 Nema
(10 mL) ti
13 2 TBN (2.3 Sac-H (2 EtOH:H, 120 78 This
mmol) mmol) O(1:1)/0-r.t. work
HOAc (2.1 °C
mmol)
TEAI (2.0
mmol)

*Reaction conditions: TBN (0.30 mL,2.3 mmol), aniline derivatives 1(a-1) (2.0 mmol),
glacial acetic acid (0.12 mL, 2.1 mmol), Sac-H (0.37 g, 2.0 mmol), TEAI (0.52 g, 2.0
mmol), solvent (H2O/EtOH 1:1 v/v, mL); total reaction time (2 h).

Physical and "H NMR spectrum data of 4-methoxybenzenediazonium saccharine

(2b): 'H NMR (400 MHz, DMSO-d6)$ 8.41-8.48 (m, 1H), 8.32-8.39 (m, 2H, ArH), 7.87-

7.94 (m, 1H, ArH), 7.29 (d, J = 8.8 Hz, 2H, ArH), 7.03 (d, J = 8.8 Hz, 2H, ArH), 3.80

(s,3H, OCH3) ppm [6].
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Spectra data of the aryl iodides 3a-31 [6].
iodobenzene (3a): "H NMR (400 MHz, CDCl3)é 7.75 (d, J = 8.2 Hz, 2H, ArH),
7.34 (t,] = 7.2 Hz, 1H, ArH), 7.13 (t, ] — 7.2 Hz, 2H, ArH) ppm; *C NMR (100 MHz,

CDCl3)8 137.7, 130.4, 127.8, 95.0 ppm; EI-MS: M" m/z 204.

I-iodo-4-methoxybenzene (3b): 'H NMR (400 MHz, CDCl3)5 7.56 (d, J = 8.2 Hz,
2H, ArH), 6.65 (t, ] = 8.2 Hz, 1H, ArH), 3.76 (s, 3H, OCH3) ppm; *C NMR (100 MHz,

CDCl3)8 159.6, 138.4, 116.5, 82.8, 55.5 ppm; EI-MS: M" m/z 234.

I-iodo-4methylbenzene (3c): '"H NMR (400 MHz, CDCl3)$ 7.59 (d, ] = 8.2 Hz,
2H, ArH), 6.94 (t, ] = 8.2 Hz, 2H, ArH), 2.32 (s, 3H, CH3) ppm; '*C NMR (100 MHz,

CDCl3)8 136.9, 136.5, 131.4,91.2, 21.1 ppm; EI-MS: M" m/z 218.

1,3-dimethyl-2-iodobenzene (3d): "H NMR (400 MHz, CDCl3)8 7.20-6.92 (m, 3H,
ArH), 2.42 (s,6H, 2 x CH3) ppm; *C NMR (100 MHz, CDC13)8 141.7, 126.4, 126.2,

123.3, 21.8 ppm; EI-MS: M" m/z 232.

1,3-diethyl-2-iodobenzene (3e): '"H NMR (400 MHz, CDCl5)8 7.21 (t, J = 8.0 Hz,
1H, ArH), 7.06 (d, ] = 8.0 Hz, 2H, ArH), 2.81 (q, J = 7.0 Hz, 4H, 2 x CHa), 1.23 (t, ] =
7.0 Hz, 6H, 2 x CH3) ppm; *C NMR (100 MHz, CDCl3)$ 147.3, 128.1, 125.9, 107.2,

35.5 14.7 ppm; EI-MS: M" m/z 260.

1,3-diisopropyl-2-iodobenzene (3f): "H NMR (400 MHz, CDCl3)5 7.23 (t, ] = 8.0
Hz, 1H, ArH), 7.05 (d, J = 8.0 Hz, 2H, ArH), 3.39 (sept, ] = 7.0 Hz, 2H, 2 x CH), 1.23 (d,
J=7.0Hz, 12H, 4 x CH3) ppm; *C NMR (100 MHz, CDCl5)8 151.0, 128.3, 123.8, 109.2,

39.4 23.4 ppm; EI-MS: M" m/z 288.
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I-chlorol-4-iodobenzene (3g): "H NMR (400 MHz, CDCl3)$ 7.59 (d, J = 8.2 Hz,
2H, ArH), 7.40 (d, J = 8.2 Hz, 2H, ArH), 3C NMR (100 MHz, CDCl5)$ 138.0, 133.8,

130.4, 91.2 ppm; EI-MS: M" m/z 238.0.

I-chlorol-2-iodobenzene (3h): "H NMR (400 MHz, CDCl3)$ 7.82 (d, ] = 7.8 Hz,
1H, ArH), 7.44 (d,J=7.8 Hz, 1H, ArH), 7.28 (t, ] = 7.2 Hz, 1H, ArH), 6.97 (t, ] =7.8 Hz,
1H, AtH) ppm; *C NMR (100 MHz, CDCI5)5 141.1, 138.8, 129.6, 128.0, 98.6 ppm; EI-

MS: M m/z 238.0.

I-bromo-4-iodobenzene (3i): '"H NMR (400 MHz, CDCl3)é 7.53 (d, J = 8.2 Hz,
2H, ArH), 7.20 (d, J = 8.2 Hz, 2H, ArH) ppm; '*C NMR (100 MHz, CDCI3)$ 139.1,

133.4,122.0, 92.2 ppm; EI-MS: M" m/z 238.0.

I-iodo-4-nitrobenzene (3j): '"H NMR (400 MHz, CDCl13)$ 7.97 (d, ] = 8.2 Hz, 2H,
ArH), 7.89 (d, J = 8.2 Hz, 2H, ArH) ppm; *C NMR (100 MHz, CDCl3)s 147.6, 138.8,

125.2, 102.8 ppm; EI-MS: M" m/z 294.

I-iodo-2-nitrobenzene (3k): "H NMR (400 MHz, CDCl3)$ 7.91 (d, J = 7.8 Hz, 1H,
ArH), 7.84 (d, J = 8.2 Hz, 1H, ArH), 7.49 (t,J = 7.8 Hz, 1H, ArH), 7.30 (t, J = 8.2 Hz,
1H, ArH) ppm; *C NMR (100 MHz, CDCl3)s 153.1, 142.0, 133.5, 129.2, 125.5, 86.3

ppm; EI-MS: M" m/z 249.

4-(4-iodophenyl)morpholine (31): '"H NMR (400 MHz, CDCI3)$ 7.56 (d, J = 9.0
Hz, 2H, ArH), 6.70 (d, J = 9.0 Hz, 2H, ArH), 3.88-3.83 (m, 4H, 2 x CHa(y)), 3.13-3.09
(m, 4H, 2 x CHaex)) ppm; *C NMR (100 MHz, CDCl5)$ 151.0, 138.0, 177.8, 81.9, 66.9,

50.2 ppm; EI-MS: M" m/z 289.
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Caution! The arene diazonium salts are known potentially explosive in the dry
state, thus, they must be cautiously stored and handled in the laboratories. Avoid

unnecessary heating and mechanical impact, especially when working on a large scale.

7.3 Results and Discussion

TBN and tetracthylammonium iodide (TEAI) were preferred as a nitrating agent and
iodide precursors due to their unique properties like safe handling, metal-free,

inexpensive, and commercial availability (Khaligh et al, 2018).

Based on our previous work (Khaligh et al, 2019), the glacial acetic acid and TBN
together woth Sac-H were slowly stirred in ethanol at low temperature (an ice bath). After
5 minutes, aniline 1a was slowly added at the same temperature. After completion of the
forst step (monitoring by a color test of azo coupling with 2-naphthol), the generated t-
BuOH and unreacted TBN were removed under vacuum by rotary evaporator. Then, the
TEAI solution was added into the stirring intermediate 2a at one time and final product

3a was purified by the flash chromatography (Figure 7.2).

Q
NH Q N-N VN/R‘“%\ 0\ _/:S e |
(S 4 7N tert-BUONO, neat HOAG (/\\\\/ i ;Sj’)\\v/ I\ /| [EtN]T XY
T + HN R o e © | B o) 0 of N\ .N.o/
LA Y EtOH. ice bath N i (\ N80 H,O, rt .z
o T o]

Figure 7.2. Preparation of aryl iodides using TBN = saccharine, and TEAI

The scope and generality of current methodology was evaluated through
transformation of a variety of aniline derivatives into the corresponding iodides using the
current protocol. The aryl iodides bearing electron-donating and electron-withdrawing

groups were obtained from the corresponding anilines in good to excellent yield (Table
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7.2). However, the steric hindered anilines viz. 2,6dimethylaniline, 2,6-diethylaniline,
and 2,6-diidopropylaniline 3(d-f) were isolated in 67%, 40%, 42% yields, respectively as
expected (Table 7.2, entry 4-6). All known products showed an identical melting point

and NMR spectra to those in the literature (Khaligh et al, 2019).

Table 7.2. Synthesis of aryl iodides through in situ formation of the arene diaonium
saccharin intermediates.?

Entry Ar-NH, I(a-]) Product  Yield Melting point (°C)

b
(%) Found Reported [4]

1 Cy Hs- 3a 80 0il 0il

2 4-CH;0-C¢H,- 3b 72 50-51  52-54

3 4-CH;-CeH,- 3¢ 78 0il oil

4 2,6-(CH;),-C¢Hs- 3d 67 0il 0il

5 2,6-(CH;CH,),-CH;- 3e 40 oil oil

6 2,6-[(CH;),CH],-C¢H;- 3f 42 oil oil

7 4-C1-C4H,- 3g 79 54-55  55-56

8 2-C1-C4H,- 3h 77 oil oil

9 4-Br-CH,- 3i 80 88-90  87-88
10 4-NO,-CH,- 3j 82 168-169 170172
11 2-NO,-CH,- 3k 78 51-52  51-53
12 4-morpholinoaniline 31 70 158-159 159-161

(4-(4-Morpholinyl)aniline)

®Reaction conditions: TBN (0.30 mL,2.3 mmol), aniline derivatives 1(a-l) (2.0 mmol),
glacial acetic acid (0.12 mL, 2.1 mmol), Sac-H (0.37 g, 2.0 mmol), TEAI (0.52 g, 2.0
mmol), solvent (H-O/EtOH 1:1 v/v, mL); total reaction time (2 h).

®Isolated yield.
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'H NMR spectra copies of the aryl iodides (400 mHz, CDCls)
Caution! The arene diazonium salts are known potentially explosive in the dry
state, thus, they must be cautiously stored and handled in the laboratories. Avoid

unnecessary heating and mechanical impact, especially when working on a large scale

(Figure A.42 — A.53)

Complete or partial recovering of the catalyst and reagents are very important in
the industrial processes due to minimizing the waste, as well as lower raw material,
energy, and waste disposal cost. According to the reported procedure in the literature
(Khaligh et al, 2018), the saccharin and tetraethylammonium chloride (TEAC) could be

recovered in the range of 77%-72% and 68%-64% yield, respectively.

The possible reaction of aniline and saccharin was investigated by a control
experiment under optimal conditions. No 3-amino-1, 2-benzisothiazole-1, 1-dioxide were

detected by LC-MS analysis.

Another experiment was performed to study the stability of the arene diazonium
intermediate. After the first step, the intermediate 2a can be isolated by removing the
excess TBN and -BuOH under vacuum and stored in refrigerator (4°C). After four days,
the stored arene diazonium 2a was treated with a TEAI solution which afforded

iodobenzene (3a) in a 74% yield.

A proposed mechanism is illustrated in Figure 7.1. Saccharin and tert-butyl nitrite
generated the nitroso ("N=0 <> N=O") in the first step, which can act as a mild
electrophile. The reaction of nitroso and arylamine will form arene diazonium

saccharinate [ArN2]" [Sac] salt or Ar-N=N-Sac adduct will participate in an electrophilic
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substitution reaction with TEAI, which finally affords the corresponding aryl iodides. Our
group is working to investigate the detailed processes of reaction mechanism based on 2

routes A.

A large scale of the current protocol was also conducted for 1.9 g of 1a under
optimal conditions, which afforded 3.12 g of 3a (ca.75%). Table 9.1 showed some the
reported methods and their conditions for the preparation of 2-nitro-1-iobenzene 2k. the
previously reported method have their own merits and limitations, for example, the use
of metal-containing nitrites and iodide (Table 7.1 entries 1, 3-11) low yield and slow rate
(Table 7.1, entries 5, 12), 2 steps performance (Table 7.1, entries 2, 5), use of expensive
reagent or strong acids (Table 7.1, entries 1, 9-11), generation of waste for the preparation
of nitrating reagent (Table 7.1, entries 5, 11), tedious workup (Table 7.1, entries 12), the
performance of toxic and hazard by-products, and incomplete conversions (Table 7.1,
entries 5, 7, 11). “0-BDSI: o-benzenedisulfonimide, CSA: cellulose sulphuric acid, NMP:
N-methyl-2-pyrrolidone, P4-VP: poly(4-vinylpyridine), IPN: i-pentyl nitrite, Sac-H:
Saccharin, p-SSA: silica sulphuric acid, TBAI: tetrabutyl ammonium iodide, TsOH: p-

toluenesulfonic acid, TFSI-H: bis(trifluorimethylsulfonyl) imide.

7.4 Conclusion

In summary, a telescopic reaction developed for the synthesis of aryl iodides in the
presence of TBN, Sac-H, glacial acetic acid, and TEAI. The arene diazonium
intermediates could be stored for relatively long periods with little reduce of activity. The
current methodology is safe, cost-effective, broad substrate scope, and metal-free. All
used reagents are commercially available and inert to moisture and air. Also, the
saccharine and tetracthylammonium cation were easily isolated from the reaction mixture

which reduces the cost and waste of the current protocol.
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CHAPTER EIGHT

CONCLUSION

In conclusion, a novel bis-core dicationic TMDP salt containing a sulfate counterion was
synthesized, and its chemical structure was elucidated by FTIR, ID, and 2D NMR, and
mass analyses. Some physical properties and thermal behavior and thermal stability of
the new IL were recorded and investigated. The structure elucidation showed that the new
IL is a diprotic acid like sulfuric acid, which can be used as a safe alternative to sulfuric

acid.

The chemical structure of novel bis-core dicationic TMDP salt-containing
chlorosulfonate counterion was elucidated by 1D and 2D and COSY analysis. Further
supports of the corrected structure were obtained by the detailed FTIR and Raman
analysis. The lowest bands in the Raman spectrum of new ionic liquid were found at 440
and 193 cm’!, which are assigned to S-Cl stretch and wag, respectively. Our results
showed that the nucleophilic attack of the nitrogen atom of the piperidine rings of TMDP
to the central atom of chlorosulfonic acid seems unlikely due to more steric hindrance of
the sulfur atom by chlorine and oxygen atoms.; thus, the TMDP and chlorosulfonic acid
participate in an acid-base reaction to form [TMDPH,]*"2[CISOs]. Furthermore,
[TMDPH,]*"2[CISOs] was employed to promote the one-pot three-component reaction
under mild conditions, which afforded the desired products in 73-94% isolated yield
within 120-150 min. the current work approved the dual solvent-catalyst efficiency of
[TMDPH,]?*2[CISOs] as a recyclable ionic liquid. Furthermore, the current protocol has
the advantages such as simple experimental and sustainable procedure, high yield of the
desired products within short reaction times at room temperature; avoid the use of toxic

and volatile organic solvent, simple workup, and recyclability of ionic liquid which all
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as-mentioned merits will cause to minimize the generation of heavy metal and corrosive

waste.

A novel mono-core dicationic salt-containing chlorosulfonate counterion was
prepared in a pure solid and liquid state and its structure was characterized by 1D and 2D
NMR, Mass spectra. The physical properties such as density and viscosity and pH of the
aqueous solution of new ionic liquid were determined. The correct structure was
elucidated by COSY analysis, which was supported by Raman study. The FTIR and
Raman spectra of pure liquid and solid state of 1 H,4H-piperazine-diium dichlorosulfonate
were studied and our assignments for IR and Raman peaks were compared with previous
reports in the literature for chlorosulfonate anion. The lowest band in Raman spectrum of
[PZH,]*"2[CISOs] solid- or liquid-state was found at 418 cm™ frequency which is
assigned to S-Cl stretch. The band S-CL wag is depolarized and was weakly observed at
206 and 203 cm-1 frequencies in Raman spectra of both solid- and liquid-state of 1/,4H-
piperazine-diium dichlorosulfonate. A combination of the S-Cl stretch and the S-Cl wag
was attributed to 675 cm™ frequency in FTIR. Furthermore, The dual-solvent-catalyst
efficiency of [PZH,]*"2[CISOs] was demonstrated to promote a one-pot three-component

reaction under mild conditions.

The catalytic activity of [TMDPH,]*'[SO4]> was employed to promote the
esterification process under mild conditions. A simple experimental and sustainable
procedure, high yield of the desired product, simple workup, and reusability of catalyst
are some of merits of the current protocol. Another superiority of the new method is
avoiding and reducing heavy metal and corrosive waste generation. A new application of
[TMDPH,]*"[SO4]* was demonstrated to promote a one-pot three-component reaction as

a) a dual solvent-catalyst in its liquid state and b) a catalyst in a mixture of green solvents.
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The pyrano[2,3-d]pyrimidinones were isolated in high to excellent yields. The advantages
of the current methodologies are (a) safe and greener conditions, (b) simple separation of
catalyst or solvent/catalyst and desired products, (c) minimize the hazardous waste
generation and (d) high recyclability of organocatalyst. The unique features of
[TMDPH:2]**[SO4]%, such as commercially available, wide liquid range, bearing Lewis
base sites and hydrogen bond acceptor-donner groups, safe handling, and storage make it
a promising organocatalyst for organic synthesis. Furthermore, the [TMDPH]*[SO4]*

can be a safe alternative for toxic, flammable, and volatile organic base catalysts.

A telescopic reaction is developed for the synthesis of aryl iodides in the presence
of TBN, Sac-H, glacial acetic acid, and TEAI. The arene diazonium intermediates could
be stored for relatively long periods with little reduction activity. The current
methodology is safe, cost-effective, broad substrate scope, and metal-free. All used
reagents are commercially available and inert to moisture and air. Also, the saccharine
and tetraecthylammonium cation could be partially recovered from the reaction residue,
which reduces waste generation, energy consumption, raw material and waste disposal

costs.
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